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Less than they did. Texas prices are coming down every day, but we will 
never, repeat never, let this lower our standards of quality. 

That is why Texas transistors have such an outstanding reputation for 
reliability. As a result, demand is constantly increasing and we are constantly 
producing more. 

The more we make, the less each one costs to make. Hence our new price 
reduction, which came into effect on January |. 

Incidentally, it is the third reduction we have been able to make in twelve 
months—carrying out our policy of producing better devices at lower prices. 

SMALL SIGNAL TRANSISTORS + MEDIUM POWER TRANSISTORS 


HIGH POWER TRANSISTORS + SILICON RECTIFIERS 


If you have not yet had our new price list we shall be pleased to send you a copy. 


TEXAS INSTRUMENTS LIMITED 


Telephone : BEDFORD 68051 DALLAS ROAD, BEDFORD Cables; TEXINLIM, BEDFORD 
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What’s available in laboratory reactors 

Some thirteen reactors designed specially for training and research are 
now on the market. In a special ten-page report, NUCLEAR POWER 
reviews their design and experimental scope 
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Concluding the article they began last month, H. A. Roberts and 
R. W. Bowring consider recent work on boiling heat transfer and 
safety limitations set by burnout or reactor performance 
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For the first time in twelve years’ operation, the gates of this top- 
secret plant were opened last month. John Woodeson reports 


Isotopes and the Factory Regulations 
A Special Correspondent in industry points to the need for a smooth 
system of control if isotopes are to gain a wider acceptance 
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J. W. Edwards 
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Optimum conditions for vermiculite as an effluent decontaminant 
hy T. D. Wright and J. Monahan 


IRRADIATION : 
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The ancient Egyptians took nearly a 
century to build the pyramids. Nowa- 
days the framework of a building soars 
into the blue almost in the time it takes 
to say “ prefabrication.”’ 

Speed is the essence of modern 
building and that means prefabricated 
steel that can be erected quickly on 
the spot. 

Skinningrove specialises in speedy 
deliveries of fabricated steelwork in all 
shapes and sizes. Personal attention is 
given to every order which passes 
through the works. From the time the 
order reaches the office until it is 
delivered to the site everything is 
done to see that the work proceeds 
quickly. 

For fabricated steel it’s Skinningrove 
for speed and service. 

Send for a copy of the new 
Skinningrove Section and Underground 
Roof Support booklets which give 
details of sizes rolled and services etc. 


SKINNINGROVE IRON CO. LTD. 


P.O. Box No.|. SALTBURN, YORKSHIRE. 
Telephone: Loftus 212. 


Tick No 2 on reply card for further details NUCLEAR POWER March 1959 








59 








A motorised and 
telescopic mounting 
by PHILIPS and 

a 300 kV dual-focus 
X-ray unit by 
MULLER* 


All the benefits of unimpeded floor 
space and the ability to deal with 
specimens of the widest variety of 
shapes and sizes are yours with this 
new motorised overhead suspension 
gear by PHILIPS. And always with the 
minimum of time and effort. 

This equipment has been so designed 
as to be easily adaptable to any 
particular site condition. Catering for 
the examination of longitudinal seams 
for instance, offers no problem. The 
amount of traverse can be ‘tailored’ to 
suit the room, and can be arranged 

in both directions. For use with an 
existing unit the overhead suspension 
gear can be supplied separately. 


*C. H. F. Muller, Hamburg. 


THIS VERSATILE EQUIPMENT 
MAY SOLVE YOUR PROBLEM 


Write to-day for further information. Without 
obligation we will gladly submit a proposal. 


Sole distributors in the U.K.: 


RESEARCH & CONTROL INSTRUMENTS LTD. ae 


INSTRUMENT HOUSE, 207 KING'S CROSS ROAD, WC1 
Telephone : Terminus 8444 
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Photograph by courtesy of 
Palmer X-ray, London. 
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Firth Brown’s contribution of so many improvements in 
Alloy Steels and steel-making during the past 100 years is freely 
acknowledged, 


The rapid progress being made in steam and gas turbine 
techniques can largely be traced to Firth Brown researches into 
the steels from which their essential components are made. 


Firth Brown have always been leaders in the craft of the 
Forgemaster, and their ability to manipulate the largest masses 
of steel has often given Britain considerable advantage over 
competing countries. 


HOWN 


STEEL FOUNDERS HEAVY ENGINEERS 





ALLOY STEELMAKERS : FORGEMASTERS 


THOS. FIRTH & JOHN BROWN LIMITED ' HEFFIELD ENGLAND 
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UNION CARBIDE’S NUCLEAR GRAPHITE 
for Moderators, Reflectors, Thermal Columns, Molds and Crucibles 


Reactor components of UNION CARBIDE’s nuclear 
graphite withstand tremendous heat— gaining in 
strength as temperature rises... gaining in strength 
when these components need that added strength. 

For example, compression strength at 1600 deg. 
C. is 15% to 24% higher than at room temperature. 
And strength increases steadily all the way to the 
2500 deg. level. Tensile strength at 450 deg. C. is 
approximately 3000 psi (211 kg/cm?). At 1350 deg. 
C, it measures 4000 psi (281 kg/cm?) and at. 2500 
deg. C. it reaches 5000 psi (352 kg/cm?). Here we 
have a 67% increase in tensile strength from 450 
deg. C. to 2500 deg. C.—a temperature exceeding the 


melting point of most metals! 


ITALY 


Elettrografite di Forno Allione, S.A. 


Via Durini 28 
Milan, Italy 


FRANCE 


Compagnie Industrielle Savoie Acheson 


Boite Postale 78-08 
raris Ville, France 


EUROPE 

Union Carbide Europa, S.A. 
40 rue du Rhone 

Geneva, Switzerland 


NUCLEAR POWER March 1959 





In addition, low neutron absorption cross section, 
easy machinability and reasonable cost — combine 
to make UNION CARBIDE’s nuclear graphite foremost 
in many reactor programs. Great Britain’s Calder 
Hall, for example, is equipped with nuclear graphite 
produced by one of our affiliated companies. 

Whatever your needs— extreme purity, unusual 
shapes or sizes, high or low density, write to the 
leader in nuclear graphite, Union Carbide Inter- 
national Company, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, 
New York, U.S.A., Cable Address: UNicarsinr, 
New York—or contact the company listed below 
which is nearest you: 


ENGLAND 
British Acheson Electrodes Limited 
Grange Mill Lane Wincobank 
Sheffield, England 


SWEDEN 
Skandinaviska Grafitindustri A/B 
P.O. Box 79 
Trollhattan, Sweden 


iE) ited.” 


The term UNION CARBIDE is a 
trade mark of Union Carbide Corporation. 
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Scintillators in five forms are now available 


from Nash and Thompson Ltd. 


CRYSTALS 
Anthracene, Stilbene, Diphenylacetylene, in 
discs and cylinders. 


PLASTICS 
N.11 and N.i1-X-ray, high sensitivity, high trans- 


mission polyvinyl toluene based. 


LIQUIDS 
Ready made, sealed in glass containers to your 


specification, or as scintipaks. 


Accurately mixed dry constituents sealed in polythene 
envelopes, ready for dissolving in a suitable solvent 


as required. 


Scintillation purity chemicals for crystal growing 
experiments, and the manufacture of special 


scintillators. 


Write or telephone for full information to 


Nash and Thompson., 


OAKCROFT ROAD * CHESSINGTON * SURREY * ENGLAND 


ELMBRIDGE 5252 
WHG/NT64 
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A new ULTRASONIC WASHING MACHINE 


One of several designed for the United Kingdom Atomic Energy 
Authority. The machine is for cleaning the Fuel Elements used in 


the Reactors of Atomic Power Stations 





For full particulars apply to 


HOPKINS 


G. HOPKINS & SONS LTD. United House, North Road, London, N.7. 
Phone: North 3321 (6 lines). Grams : “ Seamanlike, Norphone, London.” 
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first ..7 2 ..cCALDER HALL 


now.....CHAPELCROSS 


Britain’s second nuclear power station, 
has begun working 


Carbon dioxide gas cooling is used at both Calder Hall 
and Chapelcross, and the bulk storage and 

vaporization equipment for the coolant was supplied by 
The Distillers Company Limited. 

The D.C.L. system of carbon dioxide bulk storage and 
supply, operating in conjunction with the 

D.C.L. fleet of road tankers, has proved itself to be 

by far the most efficient and economical method 

for all users of the product, whether large or small. 


a n re ee © © © © e e e When the atomic power stations at Berkeley, 
Hunterston and Hinkley Point are completed, they too 
will include D.C.L. carbon dioxide installations. 





ARBON DIOXIDE | . 


BULK STORAGE EQUIPMENT 








Vddddiildlddddddddddddidddddddddddiisiddidisddddsd 





THE DISTILLERS COMPANY LIMITED 


CHEMICAL DIVISION, CARBON DIOXIDE DEPARTMENT 


Devonshire House, Mayfair Piace, Piccadilly, London W.1 
Telephone: MAYfoir 8867 Telegrams: Cardiox London Telex TA 2005 
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CONSETT IRON COMPANY LTD. 


announce with pride that they will be supplying the 
special quality Steel Plates for the construction by 
Messrs. Whessoe Ltd. of the Reactor Shells for 
the Nuclear Power Station at Latina, Italy. 


THE ADVENT of the atomic era has brought with it 
the necessity to produce Steels for service in more exacting and 
less well-known conditions than hitherto. 


In meeting this challenge, the Company, in co-operation with 
Messrs. Whessoe Ltd., produced the special Steel known as CONLO I 
(formerly named Lowtem) which was first used for the 
construction of the reactor vessels at Calder Hall, and, later, 
the reactor vessels at Chapelcross. 


Subsequently, a further improved Steel was produced by the 
Company under the nnme BEARCOMO (formerly called Hitem) 
for use with CONLO | in the construction of the reactor shells 
at Bradwell. Still further improved Steels are in process of development. 


Thus, through the Company’s extensive programme of research, 
a significant contribution is being made to the development of 
Nuclear Power for peaceful purposes, in which field this country 
has achieved such distinction and pre-eminence. 





Advertisement of 
CONSETT IRON COMPANY LIMITED 
CONSETT, COUNTY DURHAM 
ENGLAND 
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Photograph published by courtesy of 
Messrs. Sutcliffe Speakman Co.Ltd, Leigh, Lancs. 


UNIVERSAL BOILERS & ENGINEERING CO. LTD 


HEAD OFFICE: FULLEDGE WORKS - BURNLEY - LANCASHIRE - ENGLAND 
Telephone: 3121/2 and 3203 Burnley (3 Lines) Telegrams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD. Fulledge Works Burnley Telephone: 3121/2 
GROSVENOR STREET, STONEYHOLME, BURNLEY Telephone: 3184 
and BRITANNIA WORKS, QUEENSGATE, BURNLEY Telephone: 4102 
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POLLARD BEARINGS 

















POLLARD BEARINGS LIMITED 


FERRYBRIDGE - KNOTTINGLEY - YORKSHIRE 


Telegrams: BALBEARING FERRYBRIDGE. Telephone: 2323. Telex: 55166 
LONDON OFFICE: 44 HERTFORD STREET, LONDON W.1!. Tel: LEGATION 3888. Telex: 23549 
POLLARD BEARINGS NORTHAMPTON. Tel: 3766. Telex: 31624. 
CANADIAN POLLARD BEARINGS LTD. OAKVILLE ONTARIO. Tel: V1.5-1667 EM 4-5035 
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The Petroleum, Petrochemical, Chemical and Atomic Energy 
industries are served by Head Wrightson Processes. 

The Company handle complete projects from start to finish 
to meet customers’ requirements. For instance, in the field of 
atomic energy Head Wrightson Processes prepared a detailed 
design study from Harwell’s original concepts 

and subsequently engineered and supplied Britain’s 

two largest research reactors, ‘Dido’ and ‘Pluto’. 

Four similar reactors have since been ordered, 

three for abroad—in Australia, Denmark and Germany. 
This is just one example of Head Wrightson’s ability 

to take a project through from concept to completion 
evolving and developing a practical design 

from experimentally gained data. Such projects demand 
extensive facilities, a versatile and experienced staff, 

modern and specialised techniques and high quality 
craftsmanship to ensure perfection in every detail. 

Head Wrightson Processes are well equipped 

to engineer and supply such complex Petroleum, 
Petrochemical, Chemical and Nuclear plant. 


FROM GONCEPT 
TO 


HEAD WRIGHTSON PROCESSES LTD 


TEESDALE HOUSE 16/26 BALTIC STREET LONDON ECI 
Offices at PO Box !I595 Sydney PO Box 1034 Johannesburg PO Box 2608 Calcutta and 603 Royal Bank Buildings Toronto | 
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Pye research into remote handling 

techniques has resulted in a com- 

plete range of equipment for 

nuclear laboratories, including re- 

mote television viewing facilities | 
and master-slave manipulators. 
The illustration shows the new 30° 
lateral displacement manipulator 
—another example of the way in 
which Pye are helping to increase 
efficiency in handling radioactive 
materials. For further information, 
write to Pye Ltd., Cambridge, 
England. 


at the peak of remote handling efficiency 


PYE INSTRUMENT GROUP 


Labgear Ltd. —‘unitised’ nucleonic equipment, supplemented by instruments 
covering industrial, medical and research applications of radio-isotopes, including 
high level GAMMA MONITOR with alarm, 417 COUNTER, CLINIC AL RE- 
CORDING RATEMETER, PRINTING COUNTER, miniature DIRECTIONAL 
SCINTILLATION HEAD and NUCLEAR COUNTER. 


Unicam Ltd.— FLAME SPECTROPHOTOMETER, HIGH TEMPERA- 
TURE POWDER CAMERA, 


W. G. Pye Ltd. — MEASURING MICROSCOPE and CATHETOMETER, 
40 K.V. ELECTROSTATIC VOLTMETER, PORTABLE WHEATSTONI 
BRIDGE and HIGH RESISTANCE TEST SET. 
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CON-TEN 


constant tension 
supports 


FOR LOADS UP TO 8 TONS 
PIPE MOVEMENTS UP TO 18” 
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High-pressure steam piping is subject to 
wide variations in temperature, which pro- 
duce considerable expansion and contraction. 
Unless the pipe supports can absorb and 
compensate for this movement, severe 
stresses are set up which may result in 
fracture. The “Con-Ten” Pipe Support is 
designed to cradle any type of piping with 
constant tension under all conditions, 


vos i 


= 


pan ED bed OO 
e® 


throughout the range of movement. ‘ Con- 
Ten” is installed, with eminently satisfactory 
results, in power stations, oil refineries, 
chemical and industrial plants throughout 
the world. 


65318 





British Patent No. 474008, 720074, 720075, 697987, 
U.S.A. Patent No. 2129320 









Fry vridge *B* Power Station, Central Electricity Gener- 
ating Board, Yorkshire Division. HP. Steam pipes supplied 
and installed by Stewarts and e Ltd. 


1800 





Leiviried Red Top Pipe Conventional type “Con- Duplex “ Con-Ten” Supports 


Supports for load from 100 to Ten” Supports for loads of up forloads of up to 8 tons witha 
5,000 ibs. and total travel of 3, to 2 tons with a total vertical total vertical movement up to 12”. 
movement up to 12”. This type is acknowledged as one 


which produces minimum friction 
and kinematic variation. It has 
been specially designed for any 
applications where exceptional 
accuracy is demanded, 

From graph it can be seen 
that the maximum friction is 
eee to 2.17% of the applied 


DUPLEX ‘CON-TEN’ SUPPORT 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 


CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. 
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Suction pads for handling 150 /b. 
orrugated steel moulds made from ‘Welvic’. 





suction pads made from ‘Welvic’ used on 


machinery handling 150 Ib. corrugated steel moulds 


{ UCTION PADS cast from ‘Welvic’ p.v.c. paste by 
S Durable Plastics Ltd., Guildford, are used on 
machinery handling corrugated steel moulds each 
weighing about 150 lbs. at the works of the 
Universal Asbestos Manufacturing Co. Ltd., 
Watford. 

Like all I.C.1. plastic materials, ‘Welvic’ is 
backed by the finest research and technical service 
in the country. That service is at your disposal. If 
there is anything you would like to know about the 


uses of p.v.c. pastes, get in touch with I.C.I. 









‘Welvic’ is the registered trade mark 


WIE} LY LC’ 


for the p.v.c. pastes made by 1.C.1. 





IMPERIAL CHEMICAL INDUSTRIES LIMITED + LONDON ~- S.W.I 
PC.27 
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Get to grips with elegant, practical 


Imhof handles 





. and add the final distinctive touch to 
your product. There’s an Imhof handle for 
virtually every job, and delivery can be 
made in days from large stocks. Handles 
are only a part of Imhofs service to designers 
and manufacturers. You can buy strong, 
beautifully designed and finished cases, 
raks and consoles in exactly the same way 
—from a standard range. Write for free 
comprehensive catalogue. 


ALFRED IMHOF LIMITED, Dept. N.3 
Ashley Works, Cowley Mill Road, Uxbridge, 
Middlesex. Tel: Uxbridge 5567. 

Export and London Showrooms: 

112-116 New Oxford Street, W.C.1. 
Tel: Museum 7878. 








IMHOFS AGENTS OVERSEAS ITALY Prodel SPA, Milan 
AUSTRALIA Aladdin Industries (Pty) Ltd NEW ZEALAND Imarex Ltd, Auckland C3 
Stanmore, N.S.W. NORWAY Birger Christensen, Oslo 
BELGIUM Rogelec, Ghent SWEDEN Elektronlund AB, Malmo C 
CANADA Measurement Engineering Ltd, Arnprior SWITZERLAND Walter Blum, Zurich 2/39 
DENMARK Tage Schouboe, Copenhagen N u.s.A. Bud Radio Inc, Cleveland 3, Ohio 
, y FINLAND Oy Scienta Ab, Helsinki BRIT, GUIANA British Caribbean Agencies Ltd, 
have a handle for your product HOLLAND J.Th. van Reijsen, Delft Georgetown, Demerara 


See us on stand X17 at the Electrical Engineers A.S.E.E. Exhibition, Earls Ci ourt, March 17-21 
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One of two banks of Vokes * Absolute’ filters in the G.E.C. beryllium 
laboratory, showing operator in a pressure suit changing a filter. 


Vokes Filters specified for work on Beryllium 


New Beryllium Laboratory 


At the G.E.C. Atomic Energy Division at Erith a new 
laboratory has been specially designed for work on beryllium. 
Vokes were called in to assist in the planning of a ven- 
tilating system designed to maintain a very high standard 
of safety and to conform with the recommendations of 
the U.K.A.E.A. 





Vokes ‘Absolute’ Filters 


The laboratory areas are fully air-conditioned by means of a central 
inlet air duct and there is a range of extract ducting running along the 
laboratory walls. 

The extraction system consists basically of a fan drawing air at the 
rate of 8,000 cub. ft. per min. from the laboratory through 12 Vokes 
‘Absolute’ filters arranged in two banks of six, coupled in parallel to 
the extract fan. Each of these filters is individually mounted in a cell 
on the manifold to minimise hazards during filter changing. 

The Vokes ‘Absolute’ filter has a guaranteed efficiency of 99.95%, in the 
0.1 to 0.5 micron range. For particles greater than | micron the efficiency 
is virtually 100°,. The plant has been arranged so that the filters can 
be changed with the ventilation plant running. 


Working Boxes fitted with Vokes Filters 


Operations involving the formation of beryllium dust, such as machining, 
abrasion and welding, are confined to a laboratory where the highest 
ventilation rate is available and is carried on in ventilated working boxes, 
which also incorporate Vokes filters. 

Where filtration to a particularly high standard is required, as in 
this case at Erith, Vokes filtration experts are available from planning 
stage to final installation. If you have a filtration problem, please 
contact us. 


1 Vokes filter can be seen on the left of the 
lathe enclosed in the PERSPEX working box. 





VOKES LIMITED - GUILDFORD - SURREY 
Phone: Guildford 62861 (6 lines) Grams & Cables: Vokesacess, Guildford, Telex 
Telex: 13-535 Vokesacess, Gfd. 

Vokes Australia Pty. Ltd., Sydney Represented throughout the World 


} OKES—Air and Gas Filters for Chemical Nuclear Energy, Oil Refinery, and Pharmaceuiica! applications etc; Air conditioning filters; Compressed air pipe line filters; 


Ai il, and Fuel filters for Diesel, Gas Turbine, and other ic engines 
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Hydraulic filters; Silencers for Engines, Fons and Blowers; High efficiency Multi Cyclones. 


V.315 
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EVERSHED 


Instrumentation and Control 
is specified for 
Nuclear Projects 
because of its 
Flexibility and Simplicity 


EveRsHED’s are supplying instrumentation equipment for 
the nuclear energy project at Hunterston and for the new 
G3 reactor in France. EVERSHFD equipment has already 
been installed at Windscale, Aldermaston and Dounreay. 
These projects are but a few for which the EVERSHED 


electronic instrumentation equipment was specified. 


Leaders in 


Electronic Instrumentation and Process Control 


EVERSHED & VIGNOLES LTD - CHISWICK W.4 
(Telegrams & Cables—MEGGER . LONDON . TELEX) 
EVERSHED & VIGNOLES (CANADA) LTD - 2781 DUFFERIN ST - TORONTO 10 - ONTARIO 
(Telegrams & Cables —EVERSHED . Toronto) 
EVERSHED-ENRAF - DELFT - HOLLAND 
(Telegrams & Cables—ENRAF . Delfc) 





7/88N 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





No.1 OF A SERIES BY ACCLES & POLLOCK 








A special section used in sliding 
door mechanism, the dimen- 
sions are: 1” diameter to take 
5/16” rollers. 


Designers have a habit of asking for the impossible, but 
in a surprising number of cases Accles & Pollock produce 
an answer that enables the production people to translate 
the concept on the drawing board into a physical, 
functional form. Accles & Pollock welcome all such 
Opportunities to co-operate in developing new applica- 
tions in the form of tubes and tubular sections. 


Helically convoluted seamless 
stainless tubing, available in a 
range of sizes. Can be supplied 
convoluted in continuous 
lengths, or with plain ends, or 
with plain portions at any inter- 
mediate point along the tube. 







A rectangular tube 


Accles & Pollock Limited - Oldbury - Birmingham - A ® company 
Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steel, 
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including stainless steel, and other metals 
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nickel: .111” x .045” A/F with 
twin bores of .020” diameter; 
used in the electrical industry. 


in pure 


Accles & 


mo) d Keye) .< 


taw/215 
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a place in the Hall of Fame ‘ 


What is special about Harland Ulectriglide submersible pumpsets. 





Pump and motor built under the same roof by men with 


over 50 years’ experience on the manufacture of borehole 








pumps and associated electric motors. (= 

\) 
Harland commenced the development of Pe has 
submersible pumpsets 25 years ago and have —_—" y a 
gained wide experience in the balanced design \ i! \= { \ 
of the two components. | | } 
The Harland submersible motor ) Be 4 | (~~~ 
is of the all wet type and is aE » dis 
therefore easy to maintain and ) } | 
overhaul as it does not rely on \¢ 
special seals between rotating ; i 
and stationary parts. / 


A special study has been given I = 
| ; 





& an, : 
hi YY Cage ig 

to the design of journal and » de } { 
thrust bearings which form l} 1 
the most important part of any \) \) 
machine operating under water. \ = || 

Q =. 

S" 
Harland offer standard 
Ulectriglide submersible pumpsets 
from 20 to 130 h.p. against short despatches. ; 
; ‘ : . j 

An after sales service scheme is designed to give you 
complete satisfaction. i 

ee 

‘\ 

ulectriglide submersible pumpsets 3 
THE HARLAND ENGINEERING CO. LTD. 
ALLOA SCOTLAND 
ndon Office: HARLAND HOUSE 20 PARK STREET LONDON W.! Phone; GROsvenor !22! p% 
Branches: BRISTOL GLASGOW LEEDS TIMPERLEY (CHESHIRE) NEWCASTLE-UPON-TYNE NOTTINGHAM — \ 
WOLVERHAMPTON AND OVERSEAS ‘ 





ULWIVILVOUVUUDLVUVOUUUUVOUOLUOUVILVOUVOCVOUUOULOUVOCULUOULUUVOLUCVULECUUUUCUUU UVALDE 


AISI/IL P.169 
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accuracy and quality 
quickly take shape in... 





Pipe Fabrication to British 
and American standards in: 


*K Mild Steels, Carbon Molybdenum 
and Chromium Molybdenum Steels. 


\ % Stainless Steels (austenitic 
and heat resisting). 
X Cast Iron 
*% Copper and Copper Alloys. 
PP P ? 
2 Aluminium and Aluminium Alloys. 
*K Plastics. 
Whatever your problem- 
contact Steels for the answer. 
A 
STEELS ENGINEERING _sStttl 
INSTALLATIONS LTD., sunderiang 9“ '™ 
i and their Associates ARCHIBALD LOW & SONS LTD., Glasgow. 
Ht ore HOME & OVERSEAS SALES OFFICE: 143 Sloane St., S.W.1. Tel: Sloane 6178 
69 
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HOPKINSONS’ 
VALVES 


PIAL fos e' et ete ete et ete eee eee ere ee ele ere ee ee eee eet 8 8 0.8.8.0) ,016 6 8,010.88 0 0 1018 O18 ele ee ee ee ee eet atest etetetetetetetetete! 
prorererecosesecereseres00.0.0.0,000,05050 01000101000 een enon nctetatatatatatoteteth etetetetetetetetetetetetetetetetetetetetctetetetstereteteteteveteteteteteteteveteterete’ 
I ak MO OO I ll al a ee he ee 





DOUNREAY 








HUNTERSTON 
tf 


CHAPEL CROSS 





mus BERKELEY 
HINKLEY POINT 


BRADWELL 


Our contracts include: 


REACTOR VALVES - BOILER MOUNTINGS — PIPE LINE VALVES - TURBINE VALVES 
REDUCING & DESUPERHEATING EQUIPMENT ~ CENTRIFUGAL SEPARATORS 





(a HOPKINSONS LIMITED - HUDDERSFIELD 
LONDON orrre €3 34 wORrotcen. STREET - 7TrRanaweo? Ww. ©. 
HV109 
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FANS and BLOWERS 
FOR THIS ATOM AGE 


KEEPING PACE with the demands of successive atomic projects, ‘ Tornado’ 
fan engineering equipment is today assisting the exacting work in UKAEA 
establishments. In addition to equipment at Aldermaston, Capenhurst, 
Dounreay, Foulness, Harwell, Risley, Springfields and Windscale, other 
Keith Blackman fans and blowers are being used experimentally elsewhere. 
: The demands of the atomic industry are often unusual but years of 
experience and unrivalled facilities have made Keith Blackman “specialists 


in the unusual.” 


If the problem involves the handling of air or other gases, contact 


Keith Blackman 


Fan makers since 1883 


KEITH BLACKMAN LTD- MILL MEAD ROAD: LONDON -NI7 


or at Manchester - Newcastle - Birmingham - Leeds - Glasgow - Leicester - Bristol 


‘Tornado’ equipment includes: CO, COOLANT BLOWERS and HEAT EXCHANGER COOLING FANS. 
FANS FOR VENTILATION, DUST REMOVAL and HIGH TEMPERATURE EXTRACTION - BLOWERS 
} FOR GAS BOOSTING, DRY SCRUBBERS and VESSEL VENTILATION. Also AIR SAMPLING 
COMPRESSORS, AIR FLOW CONTROL UNITS, BACK PRESSURE VALVES, STEEL FABRICATIONS 
and the SHOT CLEANING of HEAT EXCHANGERS. 
































T.A. 11362/843 
V109 
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Vital in every [nddtthy- 
YCLONE 


fans, air conditioning and 
ventilating equipment 















“ENGLISH ELECTRIC 


AsprO 


tip e 
THE STEEL COMPANY 
eth SS 
OF WALES LIMITED 
ONY) 


*” 





9090 
Caitrany 


©) | RICHARD THOMAS & BALDWINS LTD 


D 


Most of the big names have installed . 
Cyclone Fans and Equipment. Cyclone 


Air Conditioning and Ventilating Equip- 


ment is an essential ingredient in MATTHEWS & YATES LTD. 


ensuring product purity and maximum 


output efficiency. CYCLONE WORKS * SWINTON (MANCHESTER) & 135 RYE LANE, PECKHAM, LONDON S.E.15 
We will gladly forward literature TELEPHONE : SWINTON 2273 (4 lines) TELEPHONE: NEW CROSS 6571 (4 lines) 
detailing our full range of equipment Also at: Glasgow * Leeds * Birmingham * Cardiff - Bournemouth 


or give specialist advice. 


CRO R OOO ERO E EE EEE EEE EEO EEE HEHEHE HEHEHE EEE EEE HEHEHE HEHEHE EEE E EEE EEEEEEE EEE SEES EEE EEE SESE SEES EES ESSE SEE SSE SEES EEE EH EE EEEEEEEEESE 
CERRO OEE EEE HHH HEHE EEE EEE EEE HEHE HEHE HEHEHE EEE EEE EEEEEEEEE HEH EEE EEE EEE HEHEHE EEEEEEE EEE EEE EEESESEESEESSEEESESESESESESEEEEESEEEEESEEOEES EOS 
ERROR HEHEHE EEE EEE EHH EO EEEEEE HEHEHE EEE HEE HEHEHE EEE EEE EEE EEE EEEEEEEEEEE SEES EE EEE EEE EEEES ESSE ESSE SES EEEESEEEESEEESESEE OES SESE SEO EESESSE 
COREE ERE E HEHEHE HEHEHE HEHE EEE HEHEHE EES EEE EEE EEEEEEEEEEEEESESEEEEEEEESEEESESEEEEEEEEEESEESESEESESEEESESESSEEEOEE EE! 
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WELDING 


qm _ sive NEWTHERN 


ENUCLEAR 
ENERGY 


mod “my = yur toughest 
insulation 
assignment 


Newalls (Reg’d Brand) NEWTHERM Calcium Silicate insulation 
is the finest answer yet to many of industry’s heat insulation 
problems. Strong and rigid, Newtherm withstands rough handling 
in transit and erection, with negligible breakages even 

during transport to remote sites. Exceptionally light, Newtherm can 
be applied in difficult situations with ease — even the largest 
sections being manageable in one hand. Mozsture resistant, Newtherm 
retains much of its strength even when immersed in water, 

does not deform, and quickly dries, leaving its strength and thermal 
efficiency unimpaired. Easily applied, Newtherm offers 

a smooth surface and straight edges for speedy fitting, and is 
available in many standard sizes for immediate application. 























NEWTHERM Calcium Silicate is manufactured solely by 
NEWALLS INSULATION COMPANY LIMITED 


Head Office : WASHINGTON, CO. DURHAM, ENGLAND 
A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at : 

LONDON, GLASGOW, MANCHESTER, NEWCASTLE UPON TYNE, 
BIRMINGHAM, BELFAST, DUBLIN, BRISTOL and CARDIFF. 
Agents and vendors in most markets abroad. 


aad 


NUCLEAR POWER March 1959 Tick No 27 on reply card for further details 27 








¢ DROPTIGHT 
e LOW COST 
¢ NON-JAMMING 


© SEALING BY 
AUTOMATIC INFLATION 


¢ COMPACT 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were still 


intact. 











descriptive ieaflet available on request 


STAINLESS 
STEEL SEAT 


PIPELINE 
PRESSURE 
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low pressure 


butterfly 





Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


Around the periphery of the valve blade is the expanding seal. 
With the valve closed the inside of the seal is subject to pipe-line 
pressure. This pressure balances external pressure and prevents 
seal from collapsing away from the seating. 





Boving 


& COMPANY LIMITED 


WATER POWER ENGINEERS 
56 KINGSWAY LONDON W.C.2 


P1554 
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FIELDING 
4,500 TON MULTI-RAM PLATE PRESS 


& 
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The “ FIELDING ” 4,500 Tons, upstroking multi-ram plate press 
designed for the Whessoe Company Limited, Darlington, is 
assisting Britain’s race in the field of nuclear power. Shaping the 
heavy steel plates, required for the shell of giant reactor pressure 
vessels is only one of the applications to which this press can 
be applied. It will accept the largest plates manufactured by the 
British Steel Industry today and still has a substantial margin of 
power to meet future developments. 





This press is only one of the large range of special and standard 
equipment manufactured by Fielding’s; if you have a pressing 
problem your solution may lie with us. Our Technical Depart- 
ments are always cvailable to provide information and assistance. 


MEMBER OF THE 


GLOUCESTER - ENGLAND (HEERAN ) 


FIELDING & PLATT LIMITED - ENGINEERS 


P 23 
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Armstrong Siddeley 


provide a comprehensive 


sy 


<7 
ts 
is 


range of high precision 


AS 


recirculating ball and lead 


screws and splines for 


\ 


sobeebaen 


universal applications. 


— AAA, & 











HIGH EFFICIENCY 
BACK-LASH ELIMINATION 
LONG LIFE 


LOW MAINTENANCE FACTOR 


Up to 80% reduction in power can be achieved for 
actuation compared with conventional methods. 
Ability to run at high temperatures with and 
without lubrication. 

Over 2,700 applications already established in all 
fields of engineering. 

Complete technical and manufacturing co-operation 
with Beaver Precision Products Inc., Detroit. 


ARMSTRONG SIDDELEY MOTORS 
COVENTRY - ENGLAND 


MEMBER OF THE HAWKER SIDDELEY GROUP 
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Mullard 


have a comprehensive range 
of halogen-quenched 
Geiger Muller Tubes 


... all of which are setting performance standards 
under a wide variety of most exacting conditions. 
Send for a copy of the Mullard halogen-quenched 
Geiger-Miiller Tube Catalogue, which gives details 
and characteristics of the range. 


Mullard 


ares Divisions 


MULLARD LTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY, ENGLAND. Tel. MITCHAM 3471 
MXR 506 
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MUREX ““MURAFLUX A” for submerged-arc welding 


*Muraflux A” 


is the first of a new range of Murex 
granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by ali machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but is 
specially recommended for use with “Murawire WI” or 
**Murawire W2” supplied by Murex. When used with these 
wires, ““Muraflux A” produces welds of high radiographic 
standard suitable for Class 1 work, and the flux has 


ae 
MUREX 


V 


A complete 


MUREX WELDING PROCESSES LTD. WALTHAM 


service 


been granted approval by Lloyd’s Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild steel parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

**Muraflux S.1°° granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


for automatic welding 


CROSS, HERTS. 


T.372 


TUNGSTEN BASE 


Heavy Alloy 


Supplied in densities from 16-7 to 18-0 g/cc. 
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An orbital teletherapy 
unit using G.E.C. Heavy 
Alloy. 

With acknowledgements 
to Atomic Energy of 
Canada Ltd. 


A 6’ G.E.C. Heavy Alloy 
Sphere we ghing 65 Ibs. 
being placed in an 8” 
lead wall in the lsotope 
Division, Harwell. 


Informative publication No. 3861 on 
application. 














































































































THE GENERAL ELECTRIC COMPANY LIMITED, Component Sales Dept., Osram 
Metals Division, East Lane, Wembley, Middlesex. 
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TRIUMPHS OF SHELL RESEARCH 


the final test... 


Radiation broke up the gel structure of conven- 
tional greases. They lost their lubricating proper- 
ties, turned fluid or granulated. Completely new 
kinds of greases were needed by the atomic power 
industry for the bearings situated within the 
radiation field. 

The Shell Group started working out radiation- 
resistant APL greases whilst most nuclear power 
stations were still on the drawing-board, and the 
research that went into them is characteristic of 
the way Shell set about doing things. 

A team of research workers was assembled at 
Shell’s Research Centre at Thornton. After four 
years of research and testing — both at Thornton and 
the A.E.R.E. Harwell— APL greases were ready for 
their finals. A sample was packed into a bearing 


The Research Story 


and sunk into the B.E.P.O. pile. There it was not 
only subjected to mechanical working and high tem- 
peratures in COg, but also to an integrated pile 
dosage of 2.7 x 1018 thermal N. per sq. cm. plus asso- 
ciated radiation. APL greases sailed through their 
finals—and Shell are proud of it. They should be. 
For with these greases, Shell completed Britain’s 
first range of Atomic Power Lubricants. 

The moral of the APL story is that Shell re- 
search is supremely applicational. The Centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce the 
right lubricant for the job. If you and your organi- 
sation have any major lubrication problem, it will 
pay you to get in touch with your local distributor 
of Shell Industrial Lubricants. 


Naturally a whole variety of greases were investigated. Conven- 
tional metallic soap greases were affected even by relatively low 
levels of radiation. Other greases based on synthetic and non- 
petroleum materials were examined and found to be equally un- 
stable. Some of them softened appreciably and became tacky, 
whilst others hardened. 

The Shell APL 700 series of greases are specially processed 
with an inorganic gelling agent, the base lubricant used being 
similar to the APL oils previously proved highly resistant to 
radiation. There were three series of tests. First tests were prelimi- 
nary radiation tests at Harwell. Then the greases were tested for 
their lubricating qualities in a high temperature (400°F) pressurised 
CO, anti-friction bearing rig turning at 1,500 r.p.m. For the final 
tests, actual working conditions were simulated at Harwell. 


ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 
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MILD STEEL 
PLATE TYPE 


GEA? = OZ 


AtZ) §6VZ7P 


mmm 1/8, 
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We are able to supply, from stock, a full range of Standard 
Plate Type Mild Steel Flanges for pressures ranging from 


51 p.s.i. tO 450 P.S.i. 
Non-standard Flanges manufactured to specification. 


For details of standard dimensions write for List No. 
NP905. 





HARVEY 


A“ 


G. A. HARVEY & CO. (LONDON) LTD. 


Woolwich Road, London, S.E.7 GREenwich 3232 (22 lines) 





E/I 
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Main CO, Duct Isolating Valve for Nuclear Reactor Power Plants for 
working pressures of 10 kg/cm? and 400" C. 


ERHARD 


ABSPERRKLAPPEN (Pat. throughout the world) 





The design of the ERHARD-Absperrklappen is not limited to the afore- 
mentioned temperatures and pressures, and we are ina position to manu- 
facture valves in order to meet the severest temperature and pressure 
conditions arising in nuclear reactor power plants. 


External means are used in order to urge the disc sealing ring on to or 
away from the valve seat for closing or opening the valve. Operation 
can be effected according to requirements by hand, electric, pneumatic 
and hydraulic means. 





JOHANNES ERHARD H. WALDENMAIER ERBEN 


SiddeutscheArmaturenfabrik Heidenheim anderBrenz Western-Germany 
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FRAMEWORK 
OF INDUSTRY 


built in steel 


” . u 
ee nee Bs, To a 


ee 


WRIGHT, ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS & BRIDGE BUILDERS 


G.P.O. BOX 2, GATESHEAD, CO. DURHAM - Tel: Gateshead 72246 (3 lines) - Grams: “ Construct Gateshead” 
London Office: REGENT HOUSE, KINGSWAY, W.C.2 . Tel: Holborn 9811 


Contractors to H.M. Government Departments, Central Electricity Generating Board, National Coal Board, 
Atomic Energy Authority and Crown Agents for Overseas Governments and Administrations 


P.2408 
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3020 MEGAWATTS AT BRADWELL, ESSEX 





— 


A Greater Britain through | 
Nuclear Power \ 








A greater Britain because her industry can draw upon 
hundreds of thousands of kilowatts of productive 
electrical power without burning a pound of coal or 
a pint of oil as fuel. A greater Britain because 
Bradwell, despite the exciting technical advance 

it represents, is a commercial atomic power 
station and underlines the remarkable 
British lead in the practical application of 
nuclear energy. The Nuclear Power 
Plant Company is proud to be 
entrusted with this great contract by 
the Central Electricity Generating 
Board. 


N.P.P.C. combines 
the resources of eight 
specialist companies 
whose individual skills are 
planned and co-ordinated 
into a unified team capable of 
undertaking the construction of 
complete nuclear power stations 
throughout the world. 





PPS ~Sr| i — 








THE NUCLEAR POWER PLANT COMPANY LIMITED 


C. A. PARSONS & COMPANY LIMITED + A. REYROLLE & COMPANY LIMITED 
HEAD WRIGHTSON & COMPANY LIMITED + SIR ROBERT MCALPINE & SONS LIMITED 
WHESSOE LIMITED ¢« STRACHAN & HENSHAW LIMITED 

ALEX FINDLAY & COMPANY LIMITED + CLARKE CHAPMAN & COMPANY LIMITED 





BOOTHS HALL*> KNUTSFORD: CHESHIRE 
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Long flexible 
holder with 
expanding brush, 
for light deposits 
in curved tubes. 
















Short-bodied air- 
driven motor with 
flexible holder and 
scraper head, for 
curved tubes. This 
head for soft, light 
scale, or gummy, 
oily deposits. 








Long-bodied motor with universal joint and 
single-pin head. as used in straight tubes. 
This head for heavy deposits. 

















How to clean small tubes 





Expanding 
brush, flexible 
holder, for 
curved tubes. 







ii 























(pel? 


Long-bodied motor with direct-connected 
scraper head, for straight tubes. 


Made by CONSOLIDATED PNEUMATIC TOOL CO. LTD . 
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Consolidated Pneumatic Rs 33 


Threaded cone 
cutter. flexible 
holder, for 
small straight 
tubes. 
Small, long- 
bodied motor, 
Flexible flexible holder, ; 
holder and with scraper 4 
circular head. 
brush on 
air-driven 
motor, as 
4 used in 
a cleaning 
: curved tubes. 
* . ss eae “y ¥ 
ea a ‘ ‘ " é " ae i " * i 
3 gh ki ra is ¥ t 
' “ 
| It can be a tough business sometimes, doing a 100% job in 
| cleaning small diameter tubes. The problem is designing a 
motor small enough to pass through the tube, particularly 
| when it is curved. It is a problem that Lagonda has over- ‘ 
come. Look over the assortment of tools above, every one si 
| with proved performance. Write for the Lagonda Tube , 
| Cleaning Catalogue Y-48. emp 
,ee 
TUBE fet 


CLEANERS 








s.w.6 
CP 181 


DAWES ROAD . LONDON . 
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Structural =: s 
Steelwork ; ; 


Welding A 
Site-welded cyclones and 


precipitators with support- 
ing structures. 


Pressure Vessels 


Pressure Vessel for 
Shell Petroleum Co. Ltd. 
goft. long, oft. dia. 
All welds X-rayed. 
Dead weight 40 tons. W 





The photograph above shows part of a . 
2,000 ton Contract for U.K. Atomic Energy . 


Authority, Springfields Plant, Preston. 










Inspection facilities include laboratory equipped with 
up-to-date testing machines and radiography. 


New bay on Works now completed — production area 
increased by 35,000 sq. ft. 


Robert Watson & Co. 
(CONSTRUCTIONAL ENGINEERS) LIMITED 
Bolton, Lancs. 

Telephone: Bolton 5125 (7 lines) 
Telegrams: Watson, Telex, Bolton 
and at London 

Telephone: Belgravia 3785-7 
and Bristol 

Telephone: Filton 2361 
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0.K.—from any angle 


it’s 
Micro 
Swritchcraft 


1 BURGESS V3 


Miniature Micro Switch with VAB Ball Actuator 
will operate from any angle. 


ACTUAL SIZE 


10 million operations minimum 


BURGESS PRODUCTS CO. LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322. Telex: 53-229 
127 Victoria Street, London SW1. Tel: Tate Gallery 0251 (3 lines) 
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AMG THONG ofDDELtY 


HAVE DESIGNED A RANGE 
OF GAS BEARING 
COMPRESSORS CAPABLE OF 
HANDLING GASES 

UP TO... 


2,000 psi and 700°C 


with input powers upto 2,000 hp. 
They have many advantages 
They are: 

Free from lubricant contamination 


Totally enclosed needing no mech- 
anical seals 

Practically maintenance free 
Capable of operating over a 
wide range of temperatures and 
pressures 


ARMSTRONG SIDDELEY MOTORS Coventry : England 


ENGINE BUILDERS TO THE WORLD 


MEMBER OF THE HAWKER SIDDELEY GROUP 
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Welded 
PRESSURE & BUTTERFIELD craftsmen carry out welding 


with the latest and most up-to-date equipment, 


VAC U U M VE S SE LS and at all stages of fabrication it is super- 


vised by experts to any of the recognised 


in Stainless Steel Mild Steel codes. This includes the highest 


specification demanded by Nuclear 


Aluminium, Titanium Energy Establishments. 


Illustrated: 2 tons capacity 
Liquid Oxygen Storage 
Tank. Inner vessel }” 

x 4” thick 18/8 Ti 
stainless steel 

jacket 3”x 

}“thick 

mild _ steel. 

Jacket space filled 
with Expanded Perlite. 
Inner vessel tested 100 p.s.i. 

Jacket tested 30 p.s.i. for Ol mm. 

Hg. working vacuum. The illustration 
shows the vessel set up for vacuum tests 
for Air Products Limited for the Admiralty 
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Butterfields 


Ny 
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W. P. Butterfield Ltd., P.O. Box 38, Shipley, Yorks. Tel. 52244 (8 lines) London & Branches. 
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shaping 
the Future 


, 
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MAR.235 





Skill doesn’t come easily. It has taken more 
than 12 years of close association with the 
development of Atomic Energy for Marstons to 
build up the specialized technical knowledge 

they possess in this field. Marston Excelsior, from 
the start, have been among the foremost suppliers 
of specialized equipment to the U.K.A.E.A.— 
plate type fuel elements for the research reactors 
Dido, Lido, and Dimple; gas coolers 

for Calder Hall, equipment of various 

kinds for ancillary plants. It is 

this past experience that is helping Marstons 


to shape the future with such precision. 


MARSTON EXCELSIOR LIMITED 


ICI Fordhouses, Wolverhampton 





(A subsidiary of Imperial Chemical Industries Limited) 
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Condenser (height 11’ 0”, mean diameter 


2’ 0”) with body fabricated from 3” thick 


Kynal PArg Aluminium Sheet, Argon Arc 
welded. Tube coil is made from 1” N.B. 
Kynal P5 Aluminium Alloy, Argon Arc 
welded to the body. 
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MANY FACES 


Did you know that each one of our automatic 
control valves has a personality of its own? 
Take ‘Safety Cut-out’, for instance. 

Now, he’s a careful type who shuts up like a clam 
whenever his electrical circuit is disturbed 

and flatly refuses to allow either liquids 

or gases to pass. Or there’s ‘Balanced 3-way’. 
This fellow is a leader and controls 

other chaps doing all the hard work — Pneumatic 
and Hydraulic cylinders for example. 

We have over 100 different ‘types’ of valves 

for every kind of automatic or remote 

control system involving water, steam, coal gas, 
oil, air and many other industrial 

liquids and gases. They don’t use glands, 
stuffing-boxes or driving shafts and, 

what’s more, they have a reputation for 

hard work, long life and the utmost reliability. 
Full technical details of this family 

of automatic control valves are contained 


in our new brochure No. 6l. 


Why not write NOW for your copy? 


MVC. The Magnetic Valve Company 7 


7, KENDALL PLACE, BAKER STREET, W.1 
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VALVES HAVE x 


gear AOS ater. 







Well over 100 of them, 
in fact. A ‘type’ to suit 


every requirement. 


MAGNETIC VALVES ARE USED EXTENSIVELY IN 


AIR CONDITIONING 
AUTOMATIC STOKERS 
BOILERS 

CENTRAL HEATING 
CRUCIBLE BAKING OVENS 
DYEING 

GAS GENERATING PLANT 
HYDRAULIC & PNEUMATIC 
CYLINDER MECHANISMS 
HOT WATER SERVICES 


U 
LAUNDRY PLANT 
MACHINE TOOLS (| 
OIL BURNERS a 
REFRIGERATION 

NUCLEAR POWER PLANT U 
STERILISING PLANT [] 
STEAM TURBINES 0 
TINNING BATHS 

VACUUM PUMPS ] 
VENTILATION [] 
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TELEPHONE HUNTER 18 
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IMPORTANT 
DEMINERALISATION 
PLANTS 








William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at: 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections : 
Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 


Exchange — Degassing — Mixed Bed Ion Exchange. 


VEITSILUOTO O/Y, 
WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls/hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 


The plant comprises the following sections : 


Coagulation and Settlement —Filtration— Cation Exchange TR E AT M F N T 


—Weakly basic Anion Exchange — Strongly basic Anion 


Exchange. 





Established in 1875 





WILLIAM BOBY & CO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 425I* 
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Looking to the future... 


The world is making rapid scientific and technological progress but 
man’s thirst for knowledge is insatiable. New methods of power are 
being developed and we have entered the nuclear age in the hope 
that these discoveries will help to secure a higher standard of living 
for all of us. But the need for fuel economy remains; that is why 
more and more industrial concerns are turning to Kenyon Planned 
Heat Insulation. 


WILLIAM KENYON & SONS (THERMAL INSULATIONS) LTD. DUKINFIELD, CHESHIRE 
Tel: Ashton-u-Lyne 1614-7 and 3673-6 
TI4 
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CHOOSE 
FROM 


BASIC. 


a low-p 


~~ REACTOR 
TYPES 


AMF, a world leader in nuclear engineer- 
ing and manufacturing, is FIRST among 
research reactor builders, with these six- 
teen projects either completed or presently 
under construction: 


Battelle Memorial Institute, Columbus, Ohio 

“Het Atoom” Exhibition, Amsterdam, 
Netherlands 

Technische Hochschule (Munich Technical 
University), Munich, Germany 

Industrial Reactor Laboratories, Inc., 
Plainsboro, New Jersey 

McMaster University, Hamilton, Ontario, Canada 

Japanese Atomic Energy Research Institute, 
Tokai Mura, Japan 

University of Florida, Gainesville, Florida 

Greek Atomic Energy Commission, 
Aghia Paraskevi, Greece 

Union Carbide Nuclear Corporation, 
Sterling Forest, New York 

Portuguese Atomic Energy Commission, 
Lisbon, Portugal 

Societa Ricerche Impianti Nucleari, 
Milan, Italy 

University of Buffalo, Buffalo, New York 

Israeli Atomic Energy Commission, 
Rehovoth, Israel 

lustrian Study Group for Atomic Energy, 
Vienna, Austria 

University of Teheran, Teheran, Iran 

U.S. Atomie Energy Commission, University 
of Puerto Rico, Mayaguez, Puerto Rico 


\HTERNATIONg, 


No “compromise” with AMF: 


In the field of low-power training and research 
reactors, AMF offers you a choice of three basic a 
reactor types,* not just one standard model 
which of necessity represents a compromise in 
fulfilling the needs for varied applications. 
Starting with any one of the three basic, proven 
types, AMF custom-designs your reactor to 
meet your requirements, whatever they may be. 

Some typical applications include isotope pro- 
duction, exponential studies, reactor technology, 
and research in the fields of biology, metallurgy, 
chemistry, medicine, agriculture, etc. 

*none of which require containment; any ordi- 
nary building may be utilized. 














AMF-GNE “Educator” Training © 
Reactor—an advanced graph 
ite and water moderated 
training reactor developed — 
specifically for university 
training and associated re- 
search. Combining safety, 
simplicity and flexibility with = 
ease of operation and mainte- 
nance, it provides both the™ 
safety of a water moderator 
and the convenience of 
solid moderator. 





tion costs. 


American Machine & Foundry Company 


AMF Building » 261 Madison Avenue +» New York 16, N. Y., U.S.A. 


Manufa 
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> AMF Light-Water Tank-Type 
Reactor — combines inherent 
" safety with a maximum of 
experimental facilities; de- 
signed to provide the high 
~. flux levels frequently called 
> for in certain fields of basic 
and applied research. Highly 
compact, the reactor allows a 
minimum building size, con- 
tributing importantly to econ- 
omy of space and construc- 
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for remote-controlled machines 


We are in the unique position through our long 
experience as designers and builders of special 
purpose machinery and precision machine tools, to 
offer practical equipment for the machining and 
handling of radio-active materials. 

One of the many special projects carried out by us 
is the remotely controlled lathe (illustrated below) 
for the machining of tensile test specimens from 
irradiated uranium for Dounreay fast breeder 
reactor. Equipment for the nuclear field can 
only be entrusted to people who know the 
problems! Visit us in Portsmouth where selected 
films and a most interesting range of activities 


can be shown. 





I- J. EVANS & SON (prortsmoutn) LTD. 


’ MARCYN WORKS, GOLDSMITH AVENUE, 
PORTSMOUTH, ENGLAND. Tel. 32233. 
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The whole basis of 


our business has always been 
to supply high pressure fittings 
which will guarantee the 
reliability of pipe line systems. 
Experience of high pressure problems 
has brought with it the large range of 


fittings now produced by ERMETO. 


Details of high pressure couplings and valves will be sent on request. 


ERM a BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS Telephone: Maidenhead 5100 (10 lines) 
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TITANIUM 


Most people concerned with metals know what it 

is but not everyone is aware of what it can do. If you 
feel that you should know more about this light, 
strong and corrosion-resistant metal, then 

write for brochure on properties and forms to: 





TITANIUM METAL & ALLOYS LTD 
2 METAL EXCHANGE BUILDINGS 
LONDON E.C.3. TEL: MANSION HOUSE 4521 


WORKS: SHEFFIELD 
“ROLLERS OF MODERN METALS” 




















All Milne equipment is designed by practical engineers who 
know the exact requirements of the Welding and Allied 
Industries. It includes Brazing, Welding and Cutting Blow- 
pipes, Regulators to suit every purpose, Cutting and Profiling 
Machines, Gas Economisers, Valves for Pipe Lines and 
other necessary welding accessories. 





To provide a comprehensive welding service Milne also offer 
Electric Arc and Resistance Welding Plant and Equipment. 





For full information and details write to:- 


Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting Plant and Equipment 
Stockists and Suppliers of Electric Arc Resistance Welding Equipment 


Harley Works, Octavius St., Deptford, London, S.E.8 
Telephone: Tideway 3852 
Also at 172/174 West Regent Street, Glasgow, C.2 








Te 1? 
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COLES’ 80 years of 
specialised experience 
in the production of 
Cranes has put them 
years ahead. Developed 
to serve Britain’s future 
needs, the new COLES 
Cranes are as modern 
as your industry they 
serve. 





Send now for the latest Coles 
literature. 








DIESEL-ELECTRIC CRANES 
CAPACITIES 5 TO 50 TONS 


Designed, manufactured and marketed by:— 
STEELS ENGINEERING PRODUCTS LIMITED, Sunderland, England. Jel: 56281 (10 lines) Grams: Steel, Sunderland. 


SALES AND SERVICE: Birmingham: 39 Thorp St., 5. Glasgow: 235 Bath St., C.2. 
London: 143 Sioane St., S.W.1. Manchester: 153 Oxford Rd., 13. Newcastle: Worswick Chambers, Worswick St., 1. 


COLES THE NAME THAT CARRIES WEIGHT 
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HOLLAND /SLM 
ROTARY 
COMPRESSORS 
AN D 
VACUUM 
PUMPS 


GIVE SERVICE 
FOR TO-DAY 


a ‘ FOR TO-M 
Part of the English Electric Aircraft Equipment ig oanew 


Laboratories with three HOLLAND/SLM AND 
2-stage rotary vacuum pumps exhausting the 


altitude test chamber. FOR YEARS AHEAD 


The B. A. Holland Engineering Go. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable, Chesham Works: SLOUGH, BUCKS 





TEES NEE PSO: TES NVR EEA DS MEANY STF emeer: 


Dont bury your head... 


SPEAR ITE GA? 
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PEP OL IEE RI TEL VED UGA LI 


. in the sand and take a Pressure Gauge at 
its ‘face’ value. Look for the name ‘P & G’ 
and be certain of an instrument of quality 
made by craftsmen for complete accuracy 
and dependability over years of active service 
The range of P & G pressure gauges includes 
many different types to suit most applications 

vacuum, combined, altitude, electric 
contact, differential, critical, duplex, diaphragm, 


capsule, etc. 
Write for publication No. 87 


Payne & Griffiths 


TUDOR WORKS - WINDMILL LANE 
SMETHWICK ’ BIRMINGHAM 


SE WINDMILLS 
SS 
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Th i ae en eo 


OOO KW atomic power statio 


The construction of Hinkley Point, the first atomic power 
station in the world designed to produce electricity at a 
cost comparable with that from conventional power 
Stations, marks a great step forward in the peaceful 
utilisation of atomic power. 


panies, are making rapid progress. Already the shape of 
this great new station is revealed by a complex of approach 
roads, vast excavations and massive foundations. Soon 
the new harbour being built will be handling the full flow 
of plant and equipment from the Group factories, for the 
biggest constructional task of this atomic age. 


‘agm, 


Operations on site and at the works of the Group com- 


THE ENGLISH ELECTRIC COMPANY 
Limited, Marconi House, Strand, 
London, W.C.2. 


BABCOCK & WILCOX LIMITED 
Babcock House, Euston Road, 
London, N.W.1. 


TAYLOR WOODROW CONSTRUCTION 
Limited, London 





ENGLISH 
ELECTRIC 


BABCOCK | TAYLOR 
& WILCOX | WOODROW 
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NEUTRON SHIELDING 


HYDROBORD provides insulation 
against Fast and Thermal Neutrons 


or combinations of both. 


WAilliam Mallinsom 
and Sons iI.td. 





130 HACKNEY ROAD + LONDON -: €E.2 


Telephone: Shoreditch 7654 Telegrams: ‘Almoner’, London 





you 
DON’T NEED 
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: 4 SPECIAL 
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0 ree” EQUIPMENT OR 
Ne ee "e 
ao. S% 
(Pahl! FLUIDS TO CLEAN 
oe 7? "aie 
kK e e @e 44 1 
¢ —w. THIS AIR FILTER! A finely graded mesh of intermingling 
i o* «,% hair. specially selected to withstand the 
Z _ ° varying humidity and conditions of the 
. . aden < ie nee. - i “ities 
° ; ° “ae a Heather Multi-Brush Air Filters can be dust-laden air, is usé d to trap impurities 
m ' o\ a cleaned easily and thoroughly, without and dust andere from the incoming air 
ele ‘ a ce special equipment or fluids, and still stream. Periodically, the alter brushes 
oe le retain the initial filtering efficiency. In can be cleaned simply by shaking or 
a? San fact, maximum efficiency and minimum suction cleaning. 
, maintenance is the correct way to sum * Write NOW for leaflet H39 which gives 
} up this unique, low-cost filter system. full details. 
\ 
\ 
EAGER eA Me ALAA AD 
EVRA EL ATS LALA EBS LOMA TBL 
7 KENDALL PLACE . BAKER STREET . LONDON . WA.I HUNTER 1801 
HF,2 
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It’s a somewhat smaller world 


Pyrex semi-micro 
apparatus 


is made from the same borosilicate glass 
as other PYREX laboratory and scientific glassware. 
It therefore 

withstands thermal shock 

resists chemical attack 

has exceptional mechanical strength 
Saves costs — smaller quantities of reagents are used 
Safer — less danger from explosions and toxic fumes 
More experiments can be carried out in a given period 
Saves space — less working space, less storage 
space needed 
Develops manipulative techniques — students acquire 
skill in handling small quantities of reagents 


Comparatively low initial cost — and being PYREX, 
it vastly reduces replacement costs 


Assemblies can be economically made up using rubber 
tubing and bark corks 


@ Ask for a catalogue from 








Though the scientific world is 
enlarging in all directions, 
especially in schools, the trend 
of apparatus is in the opposite 
direction: towards somewhat 
smaller, neater, cheaper, safer — 
in fact, Semi-micro — equipment. 
Especially in schools. Pyrex have 
given much thought to designing 
a Semi-micro range that is simple 
without being over-rigid, yet 
covers the widest field of routine 
experiments. Needless to say, 

all parts are made to strict 
specification to allow for 
interchangeability: this attention 
to detail explains why 

Pyrex is the most popular and 
widely used laboratory and 
scientific glassware 


PYREX 


BRAND 





Laboratory 
and scientific 
glass 


INDUSTRIAL SALES DIVISION JAMES A JOBLING & CO LTD Wear Glass Works Sunderland 
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They shall not pass! 





‘They shall not pass’ in liquid or gas 


Is the cry of Porous Ceramic. <“¢ 
Impurities fall as they reach my wall, Seen through the lens %, 
No matter how bold or dynamic. of camera and projector, SY 
; % 
many hidden facets of industry ® 
No grit or dust, corrosion or rust : ' : ® 
come into focus when Turners 


Has a chance of penetration, 
; operators put them in the picture. 
The smallest article, crystal or particle , 
; mt Public relations, staff recruitment and 
Is thwarted from infiltration. 
training, publicity, selling and 


Here is the filter, the finest de-silter many other problems respond to their 
Of murky liquid and gas, knowledge and experience of 
Wherever they've been, until they come clean film production in industrv. 


They’re never allowed to pass. 


All night and day, I work away, TURNERS FILM PRODUCTIONS 


: . : have already brought profit to industrialists 
My duty to strain without strain ; , ns 


. throughout the country. You are invited 

Thus at low cost, materials lost, 
: " to write, ‘phone or 

Are turned to profit and gain. : 

call for details 


Write for Porous Ceramic Catalogue No. 10 





tt roholti ae) Mel l>l'i-ba-1P-¥ a FILM PRODUCTIONS 


PORCELAINS LIMITED 





mEPT. NP, WILNECOTE, TAMWORTH, STAFFS., ENGLAND 
€ Camera House, Pink Lane, Newcastle upon Tyne, I. 


Telephone : Newcastle 2-539! 
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is a difficult prisoner... 


and it must be kept in 
solitary confinement 
too; no fraternisation 
with that insidious 
enemy dirt, either. 
SuPerfect Oil Seals 


a are the perfect goalers. 
=(©E)— = £0 They do their job so 
cheaply, so efficiently, 


and so silently that 
they are usually completely 


VW), forgotten. 

















Poree SUPER OIL SEALS & GASKETS LTD. 
U XK / FACTORY CENTRE, BIRMINGHAM, 30. 


Manufacturers of ‘ SuPerfect’ Hydraulic Packings and ‘O’ 
Rings; ‘Romet’ water pump seals and mechanical pump 
seals; ‘Aeroquip’ Flexible Hose with detachable re-usable 
fittings; ‘Fidrac’ mechanical rubber mouldings; ‘ Redcaps’ 
Polythene Protective Caps and Plugs. 
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This illustration shows a 


storage installation for 150 tons 
of Liquid CO, at low pressure. 

Wesupply complete instal- 
lations including Vapourisers 
for large scale CO discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO, production plants 





from a variety of fuels or from 
by-product gases withcapacities 
of }-ton per day upwards with 
guaranteed purity of the CO, LLOYD 7 ROSS LTD 
produced. 58 Victoria Street, $.W.1. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 









lightweight High Temperature 
Thermal & Electrical Insulation 


REFRASIL is a unique material — 

a vitreous silica fibre, light in weight, 

of very fine diameter, and 

capable of withstanding continuously 
temperatures up to 1,000°C 

(and even higher for short periods). 
REFRASIL has outstanding thermal 
insulating characteristics at high 
temperatures, as well as being an excellent 
high temperature electrical insulator. 

It is available as batt, cloth, tape, 
sleeving, bulk fibre, yarn or metal-covered 
blankets. It is highly-resistant to 

thermal shock and chemical attack from acid. 


For further details about Refrasil please write to— 
THE BRITISH REFRASIL COMPANY LIMITED 
STILLINGTON, COUNTY DURHAM .- Tel: STILLINGTON 351 


London Office: 5 Petty France, Westminster, S.W.1 - Telephone: Whitehall 8841 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 


cover a wide selection of specialised scientific apparatus. 


to Scientific Ends 





MASS SPECTROMETER TYPE MS5 An instrument specially 
designed for the measurement of isotope ratios of inor- 
ganic solids by the surface ionisation technique. 














ANALYSIS OF PLUTONIUM 





m 
e 239 | 240 | 241 | 242 








o/ 


ABUNDANCE. | 27-20 | 23-10 | 49-60 | 0-072 








4=10-“amps 
—_—_¥ 

me | 

—_ > 


i STANDARD 
DEVIATION | 0:25 | 0:30) — | 0-007 


























10-‘Samps —> 


Tabulated results and traces from sample of 


| LU : | 5 approximately 10-8 grams of plutonium nitrate, 
using the triple filament technique and the multi- 
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= * = = $38 = = plier detector. The standard deviation quoted ts 
taken on 10 measurements. 
These results are reproduced by kind permission of the 
United Kingdom Atomic Energy Authority Atomic Let us look into your problem Experts of 


Research Establishment, HARWELL, Didcot, Berks. 
our Advisory Service can almost certainly 


help you with problems of scientific invest- 
igation in any of the fields mentioned below. 


METROPOLITAN -VICKE ae) ELECTRON MICROSCOPY 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER ? MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 
MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING N/R805 





An A.E.I. Company 
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4% Level Indication of 






The Ekstrom liquid level indicator 
eliminates the hazards normally 
associated with the level indication 
of liquefied inflammable gases under 





pressure because all liquid is 
confined to metal housings. 
Accidental breakage of the glass 
indicator tube does not release 
process liquid nor impair the 
efficiency of the various alarm 
devices which are available. 
'o— 


4 
~~ 


The Ekstrom liquid level indicator 
shown here is indicating the level o) 
liquid butane in a storage tank 

at the Luton Works of Messrs. 
Vauxhall Motors Ltd. 

















A branch tube from 


the storage vessel 













carries a magnetic 
float. A separate glass 


Send for leaflet N.P.2045/9. 


ROTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 


ROTAMETER MANUFACTURING CO. LTD., PURLEY WAY, CROYDON, SURREY - 





indicator tube carries a 
hollow iron ball that 





follows the float with 


omplete fidelity 


Tel: CROydon 3816/9 


"RESCOLASTIK 


SILICONE RUBBERS 


The most comprehensive range available 










ws > TAKE ADVANTAGE of the technical re- 
Tay plea - sources and production facilities of the most 


Uses: Gaskets, Seals, modern silicone rubber plant in the United 
Diaphragms, Washers, Kingdom. 


- Prescolastik silicone rubbers offer the widest 
available range of compounds to meet the most 
exacting conditions. 
General Purpose Grades 
Low Temperature Grades 
Low Compression Set 
Fuel and Oil Resistant Grades 
Silicone Coated Fabrics 
High Tensile Grades 


My A. Prescolastik Expanded 
Silicone Rubber 

Uses: Soft Gasketing, Vibra- 
tion Damping, Seals, Pads and 





High Temperature Grades 
Dampers dc. Prescolastik Silicone H.T.P. Resistant Grades 
Coated Fabrics Cellular Rubbers 
Uses: Diaphragms, Gaskets, 
tae Ta, orate Ban Designers and Engineers are invited to write to 
Coverings. us for technical data. 
Specialists in precision rubber engineering 
BAGWORTH, LEICESTER, ENGLAND 
Telephone: Bagworth 241 
62 
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Where there’s Heat... 





BPL Heat Resisting Paints 


When heat plays a part in production — whatever the industry 
and equipment employed — there is the need for BPL Heat 
Resisting Paints for the protection and decoration of plant. 
Furnace doors and boiler-room equipment, surfaces of high 
temperature reaction vessels, smoke stacks, foundry plant, 
exhaust manifolds; these are examples of quite usual 
applications, but perhaps your particular industry has unusual 
problems to be solved. 

As the choice of coatings is limited, especially where temperatures 
are in excess of 600°F., and these treatments are expensive, we 
strongly urge you to discuss your requirements with our 
Technical Advisory Service. 











FINISH TEMPERATURE PRIMER SECOND FINISHING 
REQUIRED RANGE COAT COAT 
EXAMPLE 
TREA Gloss Finish B.P.L. B.P.L. B.P.L. 
TMENTS (interior or Up to 350°F. Heat Resisting Heat Resisting Heat Resisting 
FROM THE exterior) Primer (M.P.34) Undercoat Enamel 
COMPREHENSIVE Metallic Finish B.P.L. ‘Mettal’ (Thermal) | ‘Mettal’ (Thermal) 
RANGE (interior or Up to 400°F. Heat Resisting Aluminium Aluminium 
exterior) Primer (M.P.34) Undercoat Finish 
Bright ‘ ‘ ‘ , 
Aluminium Up to 850°F. Lumen os X — Lamar es X 
(interior only) Aluminium Aluminium 























BRITISH PAINTS LIMITED : Industrial Maintenance Division 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. CREWE HOUSE, CURZON STREET, LONDON, W.1. 





Belfas: 


Birmingham, Bristol, Cardiff, Glasgow, Leeds, Liverpool, Manchester, Norwich, Plymouth, Sheffield, Southampton, Swansea and all principal towns. BPL/im 12 
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lf you are interested in the radio- 
graphy of welded seams up to 4” thick, 
this new equipment will produce first 
class radiographs with short exposure 
times. It is rated at 400 KV. and 
utilises a constant potential circuit with 
long life metal rectifiers instead of 
valves. 

Our large range of equipment can meet 
your requirements. Write today for 


details. 









PANTAK LIMITED 


VALE ROAD, WINDSOR, BERKS. Telephone: WINDSOR 3225-6 


— 
Man and Method 


The result of this craftsman’s work will be an 
interior surface, smooth as silk—without blemish, 
and completely safe for the bulk transportation 

of edible liquids. 

He is skilled and proud of it and, like his colleagues 
in other crafts, he meets the exacting demand set 
by Darham in the construction of road tanks, 
transportable tanks and storage tanks for customers 
in countless industries at home and overseas. 


DARHAM TECHNICAL ADVISORY SERVICE is on cai! to you. 
If you would have tanks that are accepted as a 
standard by which others are judged you will 

seek the advice of Darham. 


DARHAM build fine tanks in Mild Steel (suitably 
lined if necessary), Stainless Steel and Aluminium. 





= ho @ k= bee! 


DARHAM INDUSTRIES (LONDON) LIMITED 
13 Victoria Street, London, $.W.1. 
ABBey 2231 (3 lines) 

WORKS : BASILDON ESSEX AND DURHAM CITY 
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f your control programmes demand erlreme 















ACCURACY 
: STABILITY 
= > 
F and RELIABILITY 
4 fj Y) 
7 choose the All-Transistorised 
Lael 
ff Ut / ON OFF CONTROLLER and ALARM MODEL WBO 
S Heating Furnace 
X seeing 
Thermocouples gre tig 
@) q ' j , n 
lon chambers , gS Trip Amplifier/Alarm 
"3 Photo multipliers — P re wd scieesoaiiaiins 
Biiwrae Re | | aa. ae 
ANY SUITABLE Fiery Ont 
” ) avy Uuty 
15-6 INPUT | D.C. SOURCE | ; Relay Contacts 


air ( 4 ; . Coolant Temperature 
7 ‘ Control 
Vacuum Photocells ontro 


gee » 
: Fuel Element High 


Strain Gauges . } Neutron Flux Alarm 


, Lew Coolant Flow 


larm 
Tacho generators | Alarm 


Pipeline Trace 
Heatinz Control 


.FEATURES 

Extreme accuracy and reliabaity. 

Very low on ‘off differential. 

Multiplicity of output switching arrangements 

available. 

4. Latest transistor and printed circuit techniques— 
no fragile or moving parts. 

5, Front panel mounted control and alarm indicator. 

6. Unaffected by dirt and dust laden atmospheres. 


Set point stability virtually unaffected by changes in 
source impedance and supply voltage variation. 
8. Minute power consumption. 


woe 


“7% 








Send for fuily illustrated Specification No. E.12-10 
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EXPERIENCE... 


gained in supplying 





Drop Forgings 






in special creep-resisting 
Alloy Steels 
and nickel-based alloys 








for gas turbines 






since the first Whittle engine, 






is at the disposal of 






Designers and Metallurgists 






in every industry. 






A Main Supplier 
of Drop Forgings 







to those industries 
with problems of 






high stresses 


and high temperatures ; 







we are specialists in the 
fields of 


ASTRONAUTICS 
and N UCLE AR 
ENERGY 



















A 16mm Colour Film a A iH i ~ I} ) iH I 
with sound commentary, th 
3 


aioe b ook . SHEFFIELD & DARLEY DALE 


able on request. 
% 








T 


2. 
& 


H | FIRTH-DERIHON STAMPINGS Lito. , SREFPPFIELD - ENGLAND 
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Two Butters 45 ton Derrick Cranes 
are in service at Hinkley Point... 

















Both were supplied to the order of Babcock and Wilcox Ltd. 


These cranes are the largest of the type yet built by us. 


The maximum load is 45 tons which is handled at a radius of 120 ft. 
18 tons is lifted at 140 ft. radius. 


The cranes are of the three motor type, with a separate motor for each motion. 


Jib length is 150 ft. 


The derrick shown is used for unloading the heavy 
equipment which is shipped into the site by sea. 


can effect both 


a eee BUTTERS BROS. & CO. LTD., 
types of similar. performance running nd 
ts are infinitesimal; operational speed Maclellan Street - Glasgow, S.I 
g can be arranged irtually ywher witt 
; - a se ' LONDON: The Crane Works, Long Lane, Hillingdon, Middlesex 
rection and dismantling are simple nd pic 
lt ae a ae i a AND AT BIRMINGHAM AND NEWCASTLE 
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TRIGA, 


Pulsed Reactor 


Safe, practical pulsed operation of TRIGA has been achieve: at 
General Atomic’s John Jay Hopkins Laboratory. During a two dollar 
step reactivity insertion experiment, reactor power was increasec! on 
a 10 ms period to a peak of 250 Mw (10' n/cm*-sec peak flux), 
As fuel temperature increased, TRIGA shut itself down as a conse- 
quence of the prompt negative temperature coefficient of its 
uranium-zirconium hydride fuel-moderator elements. 


No boiling and no disturbance of the shield water level resulted 
from the pulsed operation. The integrated radiation dose just above 
the reactor tank was only 20 mrem, allowing the operating crew to 
be safely located immediately adjacent to TRIGA throughout the 
transient experiment as shown below. 


This capability of the TRIGA reactor has made possible the design 
of an intense pulse radiation source for use in experiments requiring 
the largest available instantaneous neutron flux, in medical and bio- 
logical irradiations, in activation work, and in many other fields of 
research, 


100 150 200 


1 





+16 msec. 








' tT 
REACTOR POWER ( MEGAWATTS ) 





Write for complete information concerning TRIGA as a pulsed 
reactor and results of later, higher power experiments. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 
SAN DIEGO 12. CALIFORNIA 
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HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 


SPECIAL STEELS 
FOR NUCLEAR POWER ... 


One of the 
most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated 









Hadfields have contributed in the provision of high quality 
alloy steels to meet the demand of reactor designers and the 
‘Era’ series of Boron Steels was developed to satisfy the special 
needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating ‘‘Era Boron 
Steels’ and ‘‘Era H.L.C.” special Low Cobalt Stainless Steel. ‘Era 
H.L.C."’ Steel has also been used in the production of a number 
of other reactor components and is of the 188 Stabilised type. 


Pressure vessel and heat exchanger forged flanges are made in 
special ‘‘Era C.R.” and “Hecla” Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 


TRE CS AE EP 
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MLS Wii} y 
ALL OF THESE TO 
B.S. & A.S.T.M. 
ail ein | a _ SPECIFICATIONS 
QUALITY 
CASTINGS 


All of which can be 
machined in our modern 
machine shops 


LAKE & ELLIOT, LTD. 


BRAINTREE 1491 














The development of high purity refractories for Industry and Research 


Jet propulsion . . . atomic energy... more recently Zeta are new fields in which Thermal 
fused quartz and fused silica have been invaluable. In commercial industry, Thermal refractories 
have been proved by continued use in every-day applications, such as Vitreosil sheaths for infra- 
red he ‘ating, and fused magnesia as insulation for quick heating electric radiants. 

High purity fused silica, a new achievement of our research, is speeding the manufacture of 
semi-conductor devices which are vital to the electronics industry. 

The Thermal Syndicate are the largest manufacturers in the World of fused quartz and silica . . . 
their products are known and used eve ‘rywhere, even the recent Transantarctic Expedition were 
supplied with Vitreosil Laboratory Ware. 


THE THERMAL SYNDICATE LTD. 


HEAD OFFICE & WORKS: P.O. BOX NO. 6, WALLSEND, NORTHUMBERLAND Telephone : 6-3242. 
LONDON OFFICE: 12-14 OLD PYE STREET, WESTMINSTER, S.W.1. Telephone: {BBey 5469. 


19 o6 ‘a 195 9 BT GRE ey 
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BRAB 








Mild Steel Plate Cyclones and Ducting supplied and erected at large Cattle Feed Mill in London. 


for Metal Plate 


and Sheet Metal Fabrications 


BRABY, with six factories located in widely 
separated parts of Great Britain, have, for 
more than 100 years specialised in Metal 
Plate and Sheet Metal Work. The technical 
knowledge and experience of our Staff ani 
the employment of a labour force of skilled 
craftsmen, enables us to provide for 
Industry an efficient Metal Plate and Sheet 


Metal Work manufacturing service. 





Aero Fet Engine Test Cell Silencer. One of three sets for Royal Danish Air Force 
(Made by BRABY for their subsid‘ary company, Maxim Silencers Limited). 





ONE OF THE WIDE RANGE OF 


BRABY 


PRODUCTS 
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FREDERICK BRABY & COMPANY LIMITED 


Head Office: 352-364 EUSTON ROAD, LONDON, N.W.1. TELEPHONE: EUSton 3456 

OTHER FACTORIES AT: London Works, Thames Road, Crayford, Kent. TELEPHONE:Crayford 26262 

Havelock Works, Aintree, Liverpool, 10. TELEPHONE: Aintree 1721 

Eclipse Works, Petershill Road, Glasgow, N. TELEPHONE: Springburn 5151 
Ashton Gate Works, Bristol, 3. TELEPHONE: Bristol 64041. And Falkirk 

OTHER OFFices: 110 Cannon Street, London, E.C.4 (Export). TELEPHONE: MANsion House 6034 

Queen’s Buildings, 10 Royal Avenue, Belfast. TELEPHONE: 26509 

Palace Street, Plymouth. TELEPHONE : 62261 
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--- Wherever waste heat comes off 


In atomic power stations and oil refineries, in ships and schools and sealing wax plants, 
Darlington Insulation is cutting heat losses, reducing fuel consumption and saving 
money for industrial and commercial firms of all kinds. 

With Darlington Insulation you can reduce your heat losses by up to 90°, —and that 
means big savings on your fuel bill. Whatever your heat waste problem, there is a 
Darlington insulating material that can solve it. Why not ask our Technical Division 


for advice and assistance ? Simply write to: 


THE CHEMICAL & INSULATING COMPANY LIMITED 
Darlington, Co. Durham or telephone Darlington 3547 


THE CHEMICAL & INSULATING CO. LTD. IS A MEMBER OF THE DARLINGTON GROUP OF COMPANIES 
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WEA RSH AL IE 


PULSE HEIGHT 


ANALYSER 
TYPE H.S.100 


* Torsional delay line 
data storage with 
computer reliability 


%* Resolution constant 
or proportional to 
amplitude 


%* Background subtrac- 
tion 


* Analysis of pulses of 
either sign from | 
mV to 50 V 


* Binary and decimal 
storage 


* Both digital and an- 
alogue display 





* Storage capacity 2400 


digits * Analogue readout and 
* High stability and automatic §=§=— printout 
linearity using either adding 
+ Built-i ee machine or electric 
uilt-in precision test typewriter 


pulse generator 


* Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH ALI, 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T-P-G- 100 


Designed as a universal instrument for the development and genera 
testing of electronic equipment. Extreme flexibility in use is achieved 
by virtue of the complete independence of the two channels apart 
from a common repetition frequency. The output pulses are fast- 
rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus. 

The “A” and “B” channel output pulses are independently variable 
n amplitude, duration, risetime, delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 


MARSHALLS’ FLYING SCHOOL LTD. 


THE AIRPORT, CAMBRIDGE, ENGLAND 
PHONE: CAMBRIDGE 5629! GRAMS: MARFLY CAMBRIDGE 
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The real thing 


One of the biggest problems in the rapid 
development of nuclear energy for peaceful 
purposes is the straightforward one of training 
enough people—from the top-flight scientist 
io the laboratory technician or power plant 
shift engineer. Lectures and reading can do 
a lot but there comes a time when practical 
experience is essential and for this real neu- 
trons and real gamma radiation are neces- 
sary. The cheapest, simplest and safest way of 
doing this is undoubtedly by a low power 
training reactor and of these there are now 
quite a number available—offering a wide 
variety of facilities. 


We therefore thought we would be doing a 
useful job if we summarized these in a con- 
venient form so that educational and other 
authorities could obtain, as it were, a bird’s- 
eye view of the types available. The Editor 
and his staff have spent several months com- 
piling this feature and have been in constant 
touch with all the appropriate companies. 
We would like here to acknowledge the un- 
failing help they have given us. The informa- 
tion is of necessity very much abridged but 
we hope that those whose interest has been 
stimulated will write off to the companies 
for further details than we have been able 
to present. 


Our front cover choice was of course dic- 
tated for us by the nature of the principal 
article in the issue but our problem was to 
convey the idea of the feature without por- 
traying any particular reactor, which would 
have been fine for the company whose pro- 
duct it was but not so for the others. So to 
be scrupulously fair we decided to do an 
entirely mythical reactor suggesting merely a 
theme. Any resemblance to a real reactor 
must lie in the eye of the beholder. The 
Editor says it would never work: the Art 
Department say it is a satisfying design. 
Us? We like it. 
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a vital role at Hinkley Point 


Plessey Burst Slug 
Detection Equipment 
has already been 
chosen for 

Calder A and B 
Chapelcross 
Marcoule, France 
Bradwell 

Reaktor A.G., Zurich 


Kernreaktor, Karlsruhe 





> now Hinkley Point 


Other Plessey Nucleonics activities include: 


The accumulated knowledge, development 


Flux Scanning Systems « 
Health Instrumentation including e 


reactor effluent of Plessey Nucleonics Ltd. are available as a 
monitoring systems 


Pulse Amplifiers 

D.C. Amplifiers 

Ratemeters e 
Reactivity Meters « Instrumentation. Plessey engineers are 

e 

e 

. 


facilities and manufacturing technique 


technical service to design engineers in 
every related field of Nuclear 
Installed Test Equipment 


Power Units 
Ion Chambers and Counters 


currently giving this service 


to U.K. and overseas authorities. 





' PLESSEY NUCLEONICS LIMITED 
| Plessey E 
( Weedon Road - Northampton - Tel: Northampton 4966 


Overseas Sales Organisation: - Plessev International Limited - Ilford - Essex - England - Tel: Ilford 3040 
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SILVER 
DISPERSIONS 











A® part of their service to the electronics 
industry, Acheson Colloids Limited now 
iffer a range of ‘dag’* dispersions of silver for ap- 
plications where high conductivity is essential. 

Air-dried silver coatings can be used as 
screening media, starters for the electro- 
plating of pla tics, as contact material, or as 
conducting inks. Among other applications 
for thes» Acheson products, the silvering of 
ceramics and mica at relatively low 
temperatures deserves special mention. 

Here are two outstanding examples of their 
use. First, a ‘dag’ dispersion of silver was 
adopted by the G.P.O. after a long series of 
tests as a screening coating for the repeater 
valves of the first transatlantic telephone cable. 
Second, following two years of research and 
testing by Acheson technicians working in 
collaboration with a well known component 
manufacturer, a special silver coating for 
potentiometer low-end contacts was developed. 
The Acheson dispersion has now been 
adopted as astandard 


dispersions 


of 


material for this | 
purpose. 
The Acheson Organ- 
isation is backed by 
fifty years’ experience 
in the development 
and application of 
colloidal dispersions. 
If your interest is 
in conducting coat- | 
ings, whether of . 
silver or graphite, silver 
get in touch with 
Acheson's first. 


* Revistered trade mark of Acheson Industries (Europe) Ltd; 
licensed user—Acheson Colloids Lid. 


Colloids 


Acheson 


LIMITED 





(Subsidiary of Acheson Industries (Europe) Limited) 


P.O. Box No. 12, PRINCE ROCK, PLYMOUTH, DEVON 
Also Acheson Colloiden N.V., Scheemda (Gr.) Netherlands 
& Acheson Colloids Company, Port Huron, Michigan, U.S.A 
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LETTERS TO NUCLEAR POWER 





A pat for advertisers 

SIR: Allow me to congratulate you on your bold 
move in removing advertisements from the front cover 
of your journal. I am certainly not opposed to adver- 
tising and in fact I find some advertisements more 
interesting than some of the editorial, but I do think 
that the first glimpse one has of a magazine should be 
of editorial. After all, in daily newspapers—with one 
notable exception—the first page now belongs to the 
editor and it is good to see this tendency spreading to 
the technical Press. 

[ notice also that the standard of advertising has 
greatly improved recently in that more and more firms 
are giving technical details of their products or really 
concrete news of their activities, This I feel sure is 
what the engineer wants—not just vague claims about 
what the firm could do if asked. 


Skipton, Yorks G. R. BROWN 


The improvement Mr Brown speaks of is, of course, 
in large part due to the fact that more and more firms 
are now actually in nuclear business and so they have 
plenty to say. In all fairness, however, we should point 
out that NP is not only read by engineers and many 
advertisements are directed towards management and 
planning interests. Ed. 


Control for reactors 

SIR: Whilst Dr Wootton’s article (NUCLEAR POWER, 
February) indicates the detailed critical appraisal 
which is given to structural and mechanical features when 
designing a reactor from first (or rather ‘Calder Hall’) 
principles, the apparently cursory treatment of con- 
trol problems leaves the reader with the impression 
that little remains to be established in a new design 
but the required number of control rods, and pre- 
supposes that control of the reactor by variable 
blower speed and a healthy negative temperature co- 
efficient is the final answer. 


This seems to be at variance with his claim not to 
be wedded to the engineering principles used in the 
Calder plant. 


Again, no mention is made of instrumentation in- 
volved in the new design. No doubt with nuclear 
base-load stations at their present stage much instru- 
mentation is needed, with every indication that for 
the immediate future still more may be required. 
In the long term, however, it will be necessary to 
design plants in which this can be drastically, though 
safely, reduced. Automatic control of the plant is 
obviously desirable, both to safeguard the reactor 
from unnecessary temperature gradient stresses and 
to relieve the monotony of an otherwise tedious task. 


The instrumentation and control system (as opposed 
to control mechanism) design has a direct bearing 
on the safety of the reactor, the cost to the customer. 
and the design of the rest of the reactor (pressure 
vessel entries, accessibility for maintenance, etc,) and 
surely therefore deserves mention in choosing and 
optimizing reactor parameters. It is unfortunately 
often all too convenient to leave the control engineer 
the job of fitting in the necessary control system as 
best he may, after conflicting requirements of other 
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Look at these Features | 


. Fast Scaler with 9 pre-set count positions. 


. Electronic Timer with 9 pre-set time 
positions. 


. Triple range ratemeter with long and 
short time constants 


. Single Channel Pulse Height Analyser 

- 250 to 2000V stabilised H.V. supply. 

. Linear Amplifier, sensitivity 5mV — 50V 

. Every equipment has 100 hour ‘‘Soak Test"’ 


. “Chimney” construction | reduces internal 
heating. 


. Conservative rating of all components 
- Sound mechanical engineering 


- Immediately replaceable plug-in printed 
circuit boards for more than 80 of the 
equipment 


- Quick release top and bottom covers give 
complete access to interior 


. More than 90 of tubes internationally 
available 


. Operates directly with most types of radia- 


wig aes geht —_— 
Janice aie ee tion detectors 


. Power supplies for external Head Amplifier 
or Quench Unit 


. Will operate printing register 





. Connection for count rate recorder 
. Tilt-up stand fitted for convenient viewing 
. Main functions push button selected 

20. Converts Easily to Rack Mounting Unit 


21. Recommended spares kit available 





\ Write for detailed specification: 










fe 





DEVELOPMENTS LTD. 


EQUIPMENT 





NUCLEONIC 





ISOTOPE 
BEENHAM GRANGE, ALDERMASTON WHARF, 


a 
Ib NR. READING, BERKS Tel: Woolhampton 45 
\ LONDON OFFICE 


— 


a 
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A Popular Change of Dare 





ENGINEERING 
marine, welding 


& nuclear energy 
EXHIBITION 


The largest event of its kind 
in the world 


If you are an Engineer - of whatever kind - thisis YOUR 
Exhibition. In Olympia on a floor space of overa quarter 
of amillion square feet, over 509 of the world’s leading 
manufacturers will show their most up-to-date equip- 
ment for your benefit. This Exhibition has been inter- 
nationally famous for over 50 years. It occurs only once 
every two years. Previously it has been held in Septem- 
ber, but in 1959 for the first time it has been possible to 
meet the popular demand for the Exhibition to be staged 
in the Spring of the year. 


OLYMPIA - LONDON 
APRIL 16th-30th, 1959 


Opening hours: April 27th, 28th, 29th—10 a.m. to 8 p.m. 
ALL OTHER DAYS — 10a.m. to 6 p.m. CLOSED SUNDAYS 


ORGANISED BY F. W. BRIDGES & SONS LTD 
Grand Buildings, Trafalgar Square, London, W.C.2, 
Tel: Whitehall 0553, 5 lines. 


NUCLEAR POWER March 1959 





aspects of the design (fuel, fuel handling, blowers, 
etc) have been resolved. 

Sperry Gyroscope Co Ltd J, WALKER 
Stonehouse, Glos. 


Dr Wootton replies 

‘Mr Walker's comment that my article gives rather 
cursory treatment of control and instrumentasion 
problems is justified. He will, however, recognize the 
difficulty of dealing adequately with the very many 
interrelated aspects of nuclear power station design. 
If the article was to be kept of a reasonable length 
it was unfortunately necessary to ignore a number of 
most important factors when discussing the derivation 
of the design parameters. 

A new station of the type being discussed would 
probably include for frequency governing of the turbo- 
alternators and integrated automatic control system 
for the reactor.’ Ed. 


Misleading 


SIR: In your article British coffins may sell abroad 
(Industrial Newsdesk, February), you print a photo- 
graph showing one of the 2-ton lead coffins being 
used at present with the exponential experiment at 
Imperial College. This coffin was designed and speci- 
fied in detail by the Nuclear Power Group at Imperial 
College, and manufactured by Westover. It is perhaps 
misleading. therefore, to state that these containers 
were ‘originally developed by Westover & Co Ltd 
for Harwell and Imperial College.’ 

Lecturer in Nuclear Power R. E. STRICKLAND 
Imperial College, London 


Refreshing 


SIR: I have only just seen K. L. Stretch’s article in 
your December, 1958, issue and I must say that it was 
refreshing to read a really original view of the vexed 
question of nuclear power economics as applied to 
Britain. I would certainly not go all the way with 
Stretch but I am getting a little tired of the uniform 
views regularly presented by a variety of more or less 
official spokesmen. 

Given that nuclear capital costs can be cut quite 
appreciably by scale effects and that conventional 
capital costs are susceptible only to marginal improve- 
ments, the question really devolves on fuel charges. 
Specifically, how much is coal going up and how 
cheap can nuclear fuel be made? Stretch is in a good 
position to know, as far as anyone can, the answer to 
the first part of the question, but I doubt if his figures 
on nuclear fuel replacement (table IV) are at all 
realistic. Hinton sees the fuel replacement charge in 
pence per kWh sent out falling from 0-24 in 1960 to 
0-06 in 1990 whereas Stretch keeps the figure at 0-24 
for the whole 30 years. Obviously, as temperatures go 
up, element costs per se will go up, but with the in- 
creased burnup and thermal rating expected, the 
specific cost must come down. What the exact figure 
will be no one can really say at this stage, but I'd have 
thought if the fuel costs cannot be brought down in 30 
years, the nuclear technologists will have failed in their 
task. 


Sydney, NSW PATRICK STONE 
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Delaney Gallay tro 


HEAT 
EXCHANGERS 


We have vast 
experience in the 
design and construction 
of heat exchangers in 


light alloy and stainless os “no maintenance and are not easily d 


yA ae. 
ie ee re 


Delaney Gallay Thermal Insulation Blankets can 
steel. We shall be glad be made to fit both simple and complex shapes. The 
stainless steel sheathing is dimpled for maximum 
to help you in this rigidity, and can be completely sealed against the 
ingress of liquids if necessary. 
field too. They are designed for easy fitting and removal, 
and can be supplied with apertures to accommodate 
controls. 
If you would like further information, please 
contact us, We shall be happy to supply it. 


xperts in Heat Exchange & Heat 
Insulation for over 40 years. 


Vulcan Works, Edgware Road, London, N.W.2. Tel: GLAdstone 2201 
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Latching back the door 


Any hopes industry might have had that the 
UK-Euratom treaty would somehow auto- 
matically lead to orders were well and truly 
dashed when, to a lavish accompaniment of 
rams’ horns, the long-awaited agreement was 
unveiled on February 4. As we _ fore- 
shadowed some months ago there is no in- 
‘ention to set up a joint research organiza- 
tion or permanent delegation to Euratom, 
no target for reactor construction and no 
financial assistance whatsoever. Compared 
therefore with the US-Euratom agreement. 
which has all these things on a lavish scale, 
it comes, if not as a surprise, still as a keen 
disappointment. 


Of the treaty’s 19 articles only a few are 
of much practical importance, clauses such 
as those covering exchanges of unclassified 
information and provision of educational 
facilities hardly warranting the dignity of a 
diplomatic treaty. The most important are 
those covering fuel supplies and European 
utilities now have the assurance that if they 
buy a British reactor there will be fuel to 
go with it, together with reprocessing and 
plutonium buy-back. This situation of course 
already existed in Italy, which has had a 
power bilaterial for over a year now. The 
agreement conveniently extends this to the 
other Euratom countries. Thus British firms 
will now be able to go out and sell with 
added confidence but it will still be on the 
traditional firm-to-firm basis with Euratom 
as a referee. 


The Wise Men’s suggestion of 15,000 MW 
by 1967 has of course long been abandoned 
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and no firm target has yet been announced 
by the Community. It is believed however 
that the Commission now has a figure in 
mind of about 4000 MW by 1965 of which 
1000 MW will probably be met by Ameri- 
can-type reactors, leaving 3000 MW still un- 
committed. Taking into account the quite 
considerable nuclear productive capacity in 
France and the potentially even greater out- 
put in Germany there would however re- 
main quite a considerable slice of reactor 
construction that could come our way if we 
play our hand correctly. 


The UK-Euratom agreement will un- 
doubtedly go some way to help, since it indi- 
cates that we are now officially approved. 
But until its scope is widened to include 
more positive features of cooperation at all 
levels—Government, Authority and Indus- 
try—we shall continue to play the poor rela- 
tion. As a start the Government should con- 
sider seriously whether it has not made a 
bad mistake in not having a permanent 
British delegation at Euratom HQ. This has 
been excused because we are relatively close 
geographically but, as things are at the 
moment, if a quick answer were needed by 
Euratom there is no doubt who would be 
asked. 


British industry has poured a vast amount 
of money into nuclear development in the 
last few years and it is about time it had 
some return. The Euratom agreement has 
not opened any doors that were not open be- 
fore but perhaps it has latched them back so 
that they won't slam shut without warning. 
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Nucleonics and Plessiflex 


Plessifiex is acknowledged to be the best flexible 
stainless steel hose for most applications—and is 
particularly outstanding in the field of nucleonics. 
Produced from solid drawn tubing, Plessiflex is 
absolutely seamless and immensely strong. As a 
result Plessiflex may be employed simultaneously 
as a hoist rope and as a gas or fluid connector with 
the minimum of extensibility. It is ideal for 
charging machines, cable conduits, gas ducts, 
remote pneumatic handling or safety monitoring 
circuits. High purity aluminium, nickel or 
zirconium hoses can also be supplied for special 
applications. 
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If you have a problem which could be solved by the 
employment of flexible hose—consult Power 
Auxiliaries Ltd. Specialists in this field, Power 
Auxiliaries Ltd., have built up extensive design 
experience which is readily available to all 
equipment producers. 












/ PLESSIFLEX | 


flexible seamless metallic hose 


Power Auxiliaries Ltd., Kembrey Street, Swindon, Wilts. Phone: Swindon 6211 
One of the Group of Companics 
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GEC land Jap contract 

Japan’s first nuclear power station is to 
be built by the General Electric Co of 
England. Announcing this in London on 
Feb 24, GEC director Arnold Lindley 
said it would be worth about £M30 and 
it was hoped to finalize contract details 
later this year. 

The station, with an output of 150 
MWe, will be powered by a single gas- 
cooled graphite-moderated reactor with 
four boilers. Unlike Hunterston, on-load 
fuelling will be from above—an earth- 
quake feature. 


Pact offers UK opportunity 


The Agreement for cooperation on the 
peaceful uses of atomic energy between 
the United Kingdom and the European 
Atomic Energy Community (Euratom) 
was signed in London on February 4. 
Under nineteen articles the agreement, 
concluded in the first instance for ten 
years, provides: 
Exchanges of 


classified information, 





THE AGREEMENT is signed by the Rt 
Hon Selwyn Lloyd (left) for the UK 
and Dr E. Medi of Italy for Euratom. 
Dr Medi was accompanied by Dr 
Krekeler of Germany, Paul Hubert de 
Groote of Belgium and Emmanuel Sassen 
of Holland, all Euratom Commissioners 


commercial information and _ patent 
rights (on terms); scientists and techni- 
cians; and educational facilities. 
Assistance in procurement, or help in 
design construction and operation of re- 
actors (on terms); fuel manufacturing 
and reprocessing plant; materials, equip- 
ment and ‘ other requirements.’ 
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month in atomic energy 


Supply fuel for UK-designed reactors 
and possibly others; reprocessing of fuel 
in the UK; buy-back by the UK, if re- 
quired, of any special materials (e.g. Pu 
or U-233) produced from UK-supplied 
fuel. A guarantee is written in that terms 
for these deals will not be harder than 
those for the most favoured customer 
outside the UK. 
Security for peaceful uses only; a safe- 
guard and control system is to be set 
up. The International Atomic Energy and 
the European Nuclear Energy agencies 
are to be brought in if necesary. 
Insurance to secure protection against 
third-party liability on a cooperative 
basis. 
Bilaterals to be renegotiated for Eura- 
tom to take over rights and obligations 
of existing agreements. 
Implementation will be effected by re- 
presentatives meeting from time to time 
to consult at the request of the other 
side. At first there will be a technical 
standing committee—later there might be 
a supervisory body at ministerial level. 
Subsequent to the signing of the agree- 
ment, Heinz Krekeler, another Euratom 
Commissioner, said that although unlike 
the Euratom-US agreement no finance or 
reactor projects had been included UK 
manufacturers would now be in a posi- 
tion to compete in a market requiring at 
a conservative estimate 4000 MW of 
nuclear power installations in the next 
six years for the Euratom countries. 
During the three day visit of the 
Euratom Commissioners they were re- 
ceived by the Prime Minister, members 
of the Government and the UKAEA and 
despite this tight programme visited the 
Berkeley site. 


Knights move 


The first Master of Churchill College at 
Cambridge will be Sir John Cockcroft 
and when he takes up this appointment 
later in the year he will cease to be a 
full time member of the AEA. Sir 
William Penney who has been combining 
the two posts of Member for Weapons 
and Director of the Weapons Group 
will now replace Sir John Cockcroft as 
Member for Research. 

Dr Nyman Levin, Deputy Director of 
AEA’s Weapon Group at Aldermaston 
since last July is to succeed Sir William 
Penney as Director. During the war Dr 
Levin was seconded to the Admiralty 
and was responsible for the establish- 


ment of cross-channel VHF links used 
during the invasion of Europe. Before 
going to AWRE he was Chief of Re- 
search and Development at the Rank 
Precision Industries group. 

The Deputy Director will now be Mr 
E. F. Newley who, since 1957, has been 
Chief of Warhead Development at 
Aldermaston. 


Successor for Strath 


The Prime Minister has appointed Sir 
Alan Hitchman KCB, Permanent Secre- 
tary of the Ministry of Agriculture, Fish- 
eries and Food, to succeed Mr W. Strath 
CB, as a full-time Member of the 
UKAEA. Sir Alan Hitchman, whose ap- 
pointment becomes effective from April 





SIR ALAN HITCHMAN 
. .. fresh fields 


1, 1959, will have special responsibility 
for the external relations and commercial 
policy of the Authority. Mr Strath takes 
over duties as Permanent Secretary at the 
Ministry of Supply. 

In earlier appointments Sir Alan has 
been in close contact with the engineer- 
ing industries as from 1941 until the end 
of the war he was principal assistant 
secretary in the Labour Supply Depart- 
ment and, under the Director-General of 
Manpower, was in charge of the supply 
of labour for the iron and steel, chemi- 
cals, engineering and munitions indus- 
tries. He became Deputy to the Chief 
Planning Officer and was appointed a 
Third Secretary in the Treasury in 1948. 
When the Government established a 
Ministry of Materials in 1951, Sir Alan 
was appointed Permanent Secretary to 
bring the new Ministry into being by 
transfer and amalgamation of staffs. 
Doubtless now the Euratom-UK Agree- 
ment has been signed Sir Alan Hitchman 
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will be devoting considerable time and 
effort boosting the Authority’s services 
and materials in Europe. 


Second thoughts on CTR move 

The AEA are reconsidering their deci- 
sion to move the Controlled Thermo- 
nuclear Reactor project to Winfrith 
Heath. It is felt by the research staff that 
it would be preferable to locate the site 
nearer to Harwell because of the close 
liaison which will have to be maintained 
between the two establishments. Culham 
Airfield near Abingdon has been men- 
tioned as a possible location. Any deci- 
sion made on this matter will not in any 
way effect the build-up of Winfrith 
Heath where work is proceeding on 
plant for fission reactor development. 


Windscale gets another reactor 
To accelerate the development of gas- 
cooled reactors a new research reactor, 
the Hot Experimental Reactor of 0 
(zero) power, HERO is to be built at 
Windscale. Its function will be to com- 
plement the work of the Advanced Gas- 
cooled Reactor, AGR, at present under 
construction and near which it will be 
sited. Low radiation level measurements 
and several alternative fuel arrange- 
ment experiments will be carried out in 
it after completion early in 1961 at an 
estimated cost of £M1}. 

HERO, which will generate a few kilo- 
watts of heat, will consist initially of a 
graphite structure some 19 ft in diameter 
and height incorporating the important 
feature that it will be possible to dis- 
mantle it and rebuild it in a variety of 
ways. While like the AGR as regards its 
clusters of pencil-like rods of uranium 
oxide sealed in beryllium cans arranged 
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WINDSCALE’S LATEST The HERO 
reactor planned for Windscale. 
1 the reactor vessel, 2 graphite lat- 
tice core, 3 primary circuit, 4 inde- 
pendent channel circuit, 5 heater, 
6 cooler, 7 circulator, 8 drier, 9 flow 
control valve and 10 control room 





in channels in the graphite on a regular 
lattice HERO will, in fact, operate in 
exactly the reverse to AGR in that high 
temperature carbon dioxide will be 
pumped into the graphite core. This re- 
actor will enable sensitive techniques 
necessitating low radiation level mea- 
surements to be carried out so that ex- 
tremely careful optimization of reactor 
cores may be assessed. In addition, stabi- 
lity and control of the aGR fuel will be 
studied all of which is aimed at 
improving the efficiency of gas-cooled 
reactors for the nuclear power pro- 
gramme. 


GERMANY 
OMR chosen for first ship 


[The executive company Gesellschaft fiir 
Kernenergieverwertung in Schiffbau und 
Schiffahrt mbH (GKSS) has placed a 
development contract with Interatom for 
a nuclear power reactor for the propul- 
sion of tankers up to 40,000 deadweight 
tons. GKSS is a company consisting of 
representatives of the Land Govern- 
ments, industry and science which has 
started practical work on the nuclear- 
powered ship at Hamburg. Interatom, 
formed by Atomics International and 
Demag and operating at Bensberg will 
be responsible for the organic moderated 
reactor OMR for the project. This type 
of unit has been chosen on the grounds 
of its potential economy, ease of opera- 
tion, inherent safety and has the added 
advantages of being available on a com- 
paratively short delivery with the use of 
normal engineering materials in its con- 
struction. While it has not yet been de- 
cided whether this reactor will first be 
erected on land to gain operating 
experience or installed directly into the 
ship, the design is suitable for 10,000 


shaft horsepower and it is anticipated 
that the vessel will be ready for its ea 
trials by the end of 1963 or early 1954, 
Applying this type and size of nuclear 
power unit to a 38,000 dwt tanker the 
cost rises from $M10-57 to $M14-2. 
without taking into account any deve- 
lopment charges. 


UK success at Hamburg 

Deutsches Elektronen - Synchrotron 
(DESY) research group Hamburg, have 
ordered a 40 million electron-volt Elcc- 
tron Linear Accelerator from Metropoli- 
tan-Vickers Electrical Co Jtd. This 
order, valued at approximately £250,000 
was secured against world competition 
The equipment has an overall length of 
some 10 metres and comprises five sec- 
tions of accelerating waveguide, each 14 
metres long, together with an electron 
gun and pre-buncher at the injector end. 
Each accelerator will be fed by a high 
power klystron. The accelerators will in- 
ject a beam of 40 MeV electrons into a 
large electron synchrotron which will 
then further accelerate the electrons to 
an energy of 6000 MeV. This second 
stage acceleration is made possible by 
rigorous restrictions on the output of the 
linear accelerator ysed, which is of the 
travelling wave type energized by short 
wavelength radio-frequency power. Very 
little variation is permissible on the 
specified 40 MeV energy and the elec- 
tron beam must be compact, small in 
diameter and with very little divergence 
The output at this level is in the form 
of short pulses of current of 2 micro- 
seconds duration, repeating 50 times per 
second. Each pulse of current must sup- 





pense Son gal 
, * 


175 MW. At the USAEC’s test site in 
Idaho the big ETR delivers full power 
First ever taken of a reactor this size. 
the picture was taken through 2} in 
glass and 22 ft water. 1/25 at f: 16, 
Pan-x. Sole illumination, Cerenkov glow 





NUCLEAR POWER March 1959 





——— 














ply ; milliamps within the strict limit 
of energy and beam geometry imposed 
by the acceptance requirements of the 


synchrotron. 


° 
Krupps to build reactor 

4 15 MW experimental reactor has been 
ordered from the Krupp-Brown Boveri 
group by a North Rhine Westphalia 
orga jization of power companies. This 
reactor is of the gas-cooled type utilizing 
spherical graphite fuel elements. The de- 
sign was started some twelve months ago 
when the companies Fried. Krupp of 
Essen and Brown Boveri und Cie A.G. 
of Mannheim were awarded a develop- 
ment contract and under Dr. R. Schul- 
ten. Brown Boveri have developed the 
pebble-bed type of reactor in which the 
maXimum gas operating temperature will 
be in the region of 1100°C. This project 
will be used to investigate problems con- 
cerned with large nuclear power reactors 
and to develop a 100 MW plant of the 
same type. 


at 
More money needed 


Although the Japanese Government 
spent nearly £9 million on atomic energy 
projects in the last financial year Japan’s 
Atomic Energy Commission needs more 
money and more research. The research 
institute at Tokai-Mura is expanding 
and an interim uranium refining plant is 
now under construction there, This lack 
of funds is reflected in the protracted 
negotiations with the three UK consortia 
for the nuclear power station project and 
the Japanese are trying to find ways and 
means of reducing the overall cost of 
the project by at least £1 million. 


——SCANDINAVIA———_ 


Scanatom proposed 

At a meeting of the Industrial Federa- 
tion Professor E. Laurila, leader of the 
technical physics laboratories in Helsinki 
proposed that the Scandinavian coun- 
tries came to a similar arrangement for 
atomic matters as Euratom and_ that 
cooperative agreements were made. Such 
Proposals would greatly increase the 
existing interchange of technical and 
scientific information between Denmark, 
Norway and Sweden and would provide 
a sounder economic basis especially for 
such major projects as nuclear propul- 
sion for ships and fuel processing plants. 


SPAIN 
Funds made available 


The Spanish Junta de Energia Nuclear 
Will participate in the European Com- 


pany for the Chemical Processing of 


Irradiated Fuels (Eurochemic) and will 
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AMERICAN ACTIVITIES 


The 1958 US Atomic Energy Com- 
mission’s Annual Financial Report 


Cost of operations and invest- 
ments in plant and equipment 


Despite substantial reductions in the 
unit cost of materials produced and 
lower cost of uranium concentrates, 
operational costs including depreciation 
continue to rise, reaching a peak of 
$2299 millions in 1958. Investment in 
production plants, research laboratories 
and other facilities owned by AEC in- 
creased during the year by $2 hundred 
million to $7-1 milliards. 
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4 
milliards of dollars 


Development and research 
costs. Power, naval and air- 
craft propulsion reactors 


Except for the pressurized water, 
fast power breeder and boiling 
water types, increased expendi- 
ture over the previous year was 
incurred by all the power reac- 
tor projects. In addition work 
on gas-cooled and molten salt 
reactors was started. 


The continued increase in funds 
directed towards aircraft pro- 
pulsion reactors is of especial 
interest as for the last two years 
some 80°, of the costs have 
been in connexion with manned 











aircraft units. 


Apart from the expenditure 
shown on this chart a further 





$19 millions was directed to 
controlled thermonuclear _ re- 





millions of dotlars 


80 search during 1958. 





contribute the equivalent of $MI1-5 to 
Eurochemic’s capital. OEEC approval 
was given when Spain agreed to adhere 
to the OEEC Security Convention of 
December 1957, which prevents jointly 
developed nuclear facilities from being 
used for military purposes. The plant, 
the first jointly owned, will be built as 
part of the OEEC’s European Nuclear 
Agency's programme and will act as a 
pilot undertaking for the building of 
the much larger installations which will 
be required as the nuclear power pro- 
gramme expands. 


SWEDEN 
Power bids invited 


A. British firm of consulting engineers, 
Kennedy and Donkin of London, have 
been selected by Kungliga Vattenfalls- 
styrelsen (State Power Board) to evalu- 
ate tenders for nuclear power plant. Just 
back from Stockholm, Mr Geoffrey 
Kennedy told NUCLEAR POWER | that 


although AB Atomenergi were currently 
studying heavy water-moderated power 
plants, the State Power Board were not 
convinced that costs would be competi- 
tive with foreign-designed plants and 
they had therefore invited international 
bids to a rather open specification, set- 
ting no definite output limits. The main 
criterion in judging tenders would there- 
fore be that of unit costs. 

A possible Swedish nuclear power re- 
quirement of about 1000 MW by 1970 
is foreseen and the winning bid for this 
competition might well set the pattern 
for meeting this target. Proposals are due 
in by March 15 and it is hoped that the 
result will be known by about mid-May. 
No definite location has been selected 
for the station but bidders have been 
given hypothetical yet realistic site data. 

Mr Kennedy said the free specification 
would give the British groups a better 
chance than they had in the Italian 
SENN bidding. There, had the required 
output been 250 MW instead of 150 
MW unit cost figures from the gas- 
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Russian icebreaker fitted out 


The Soviet icebreaker ‘Lenin’ has started a series of trials 
following completion of her fitting out. Static reactor 
tests have been carried out and operating trials will take 
place during March. The basic circuitry of the plant is 
shown by 1 one of the three pressurized water reactors 
and its primary circuit, 2 the three steam generators in 
the reactor compartment, 3 one of the four main steam 
the 
radioactivity warning panel and 5 main control room 
handling the steam and electrical power generation plant 


turbo-electric propelling machinery, 4 





cooled contenders would have been very 
much better. 

As an alternative to this competition, 
the State Power Board is also asking for 
bids to a 100 MW specification for a 
direct comparison on total and unit 
costs with the 100 MW heavy water 
plant being proposed by AB Atomenergi. 


UNITED ARAB REPUBLIC 


More facilities for Middle East ? 


The Chairman of the IAEA Board of 
Governors, Ambassador Carlos Bernar- 
dos and the Director General, Mr Ster- 
ling Cole accompanied by Agency offi- 
cials are visiting the United Arab 
Republic. The IAEA party will meet 
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UAR Foreign Office and Atomic Energy 
Commission officials and visit installa- 
tions in the country. This is the follow- 
up to the two technical exploratory mis- 
sions IAEA sent last year to study the 
possibilities of heavy water production 
at Aswan, uranium extraction from phos- 
phate ores and training facilities at the 
Cairo isotope centre. 


——UNITED STATES—— 
Utility companies wooed 


The Westinghouse Electric Corp pro- 
posed to the utility industry that a 
330,000 kW nuclear power plant could 
be built, that by 1965 the plant would 
produce power at costs competitive with 








fossil fuels in the higher fuel cost reas 
of the US. The plant which Westing dsuse 
have offered to develop, design and -uild 
is of an advanced pressurized water eac- 
tor type and would be the fourth ge ‘era- 
tion of the pressurized water type, : >rm- 
ing part of the company’s broad, r ulti- 
front programme. 


First medical TRIGA 


The first specifically medical applic ..tion 
of the TRIGA reactor is the US Veterans 
Administration Hospital at Omaha. [his 
reactor is of the 10-100 kW noriinal 
power level below-ground model and 
will be incorporated within a iarge 
hospital building. The programme of 
work is to include the production of 
short half-life isotopes for use in dilu- 
tion and flow studies, pharmacological 
and toxicological research; investigation 
into the metabolic fate of antibiotics 
and ‘tranquillizers” and the study of 
activated chemicals selectively concen- 
trated by tissues. 


Control eased 


AEC have proposed amendments to the 
licensing regulations which will simplify 
the procedures relating to sealed de- 
vices containing radioisotopes employed 
in research and industry, The measuring 
and gauging equipment concerned is that 
of the ‘light producing’ and ‘ ionizing 
air’ types which are constructed with 
built-in protective features and may be 
used by untrained personnel. AEC con- 
trol will be maintained over the manu- 
facturers and distributors; the user will 
only be able to subsequently dispose of 
the equipment to either the manufacturer 
or someone specifically licensed by the 
AEC. This simplification will be particu- 
larly useful for users of thickness gauges 
in the metal foil, paper, tobacco, and 
plastics industries; emergency exit mar- 
kers in vehicles and buildings using 
radioactive isotope-operated light pro- 
ducing equipment and on_ printing 
presses, textile and photographic pro- 
cessing equipment employing air ionizing 
devices. 


— INTERNATIONAL—— 
Armand steps down 


Due to unfortunate continued ill health 
Louis Armand has been forced to resign 
from the Presidency of Euratom and a 
member of the Scientific Committee of 
the Commissariat a l’Energie Atomique, 
Etienne Hirsch, has been appointed the 
new president. Following research and 
administrative experience with the chem- 
ical company of Ethyl-Kuhlmann he was 
connected with armament technical work 
and supplies. Since 1952 he has been 
Director-General of the Commissariat 
Général du Plan. This appointment 
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comes a a time when projects plan- 
ned by uratom are taking shape 
and industry is increasingly seeking 


ouidance and technical assistance from 


Euratom 


Germany sells US know-how 

Degussa the large German company 
which since 1941 when it was the first 
European company to investigate ura- 
nium fue! production has been actively 
studying manufacturing problems of 
nuclear fuels. Arrangements have now 
been made with the US Mallinckrodt 
Chemical Works to act as their Conti- 
nental European representative and ex- 
change technical information on fuel 
element production. At the same time 
Degussa have entered into agreement 
with the Japanese Sumitomo concern to 
sell them the know-how for uranium 
production. Initially this information will 
output but a 
larger continuous output will follow. 


HTGR plan settled 


The Winfrith Heath (UK) high tempera- 
ture gas-cooled reactor project is to be 
developed as a three cornered UK-Eura- 
tom-ENEA affair. This was announced 
by the OEEC’s European Nuclear Energy 
Agency on February 12. Known as 
‘Dragon’ the reactor will be a graphite- 
moderated helium-cooled plant with 
about 10 MW output. Countries cooper- 
ating besides the UK and the Euratom 
group are Austria, Denmark, Norway, 
Sweden and Switzerland. The financing 
of the five-year programme including the 
cost of the reactor and facilities will be 
spread among the member countries. The 
overall cost is estimated to be some £13-6 
millions of which £M10 will be pro- 


only cover small-scale 


vided by the members, both Euratom and 
the UK giving 43-4% each. The balance 
of £M3-6 will be met by the UK which 
will retain ownership of the installation 
on completion of the Dragon project. In 
the course of the next three months a 
joint team will be built up ready to start 
work. 


Assessing commercial prospects 
The European Nuclear Energy Agency 
is organizing a conference on ‘Indus- 
trial Prospects in Nuclear Energy’ which 
will take place at Stresa (Italy) from 
May I! to May 14. Its aim is to bring 
together senior management from _ the 
OEEC member countries, US and 
Canada to evaluate the commercial pros- 
pects for industry which are offered by 
nuclear energy, the probable markets 
and returns for materials and equipment 
and the amount of investment required; 
the conference will cover : 
economics of nuclear power ; 
financing national and _ international 
programmes for the development 
and production of nuclear energy; 
atomic law and special regulations; 
management problems; 
market forecasts for materials, equip- 
ment and instruments. 
There will also be a visit to the Italian 
nuclear research centre at Ispra. 


WORLDBRIEFS 

@ Ghana A UK trade and industrial 
mission led by Sir George Binney, DSO. 
is visiting Ghana. Mr Bryan Donkin will 
make an assessment of possible develop- 
ments nuclear as well as thermal and 
hydroelectric power generation, 

@ Portugal Atomic engineering will be 
included in the British Trade Fair which 





GENERAL ELECTRIC TEST REACTOR GOES CRITICAL At GE’s Vallecitos re- 

Search centre the new 30 MW reactor was notched up recently. Present were 

J. W. McCumsey, Paul H. Zeanah, J. O. Arterburn and operations manager H. T. 
Wells. It will be used for materials testing 
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is being held in Lisbon between May 29 
and June 14. 

@ United Kingdom Investigations for 
nuclear power station sites will be car- 
ried out in two areas on the central south 
coast. Ground surveys, trial borings and 
hydrographic surveys will be made for 
the Central Electricity Generating Board. 
@ United States The AEC have signed 
a contract with Carolinas Virginia 
Nuclear Power Associates (CVNPA) for 
a demonstration heavy water moderated 
pressure tube-type reactor power plant 
at Parr, South Carolina. 

@ United States Three companies, the 
Ford Instrument Co division of the 
Sperry Rand Corp, the Isbrandsten Co, 
and the Maryland Shipbuilding and Dry- 
dock Co, have formed a private group to 
build a nuclear powered merchant ship. 
Estimated costs are $MS5 for develop- 
ment and $M10 for tests and building. 
The group plans to have the reactor 
system ready for testing within the next 
three years and the vessel would be ready 
for sea trials six months later. 








FRANCO-RUSSIAN GET TOGETHER 
V. S. Emelyanov (left), president of the 
Soviet organization of the peaceful use 
of the atom, talks with Pierre Couture, 


Jacques Soustelle and Francis Perrin 

during a visit of Soviet scientists to the 

Saclay and Marcoule atomic establish- 
ments 





@ United States The Rice Institute at 
Houston is to purchase an Aerojet-Gen- 
eral Model AGN-211 reactor for use by 
its Abercrombie Laboratory. 

@ International One of the first acts 
following the signing of the UK-Eura- 
tom pact was the presentation by AEA 
to Euratom of a library of British films 
on atomic energy. 


World Reactor Catalogue 

In response to numerous requests the 
World Reactor Catalogue published in 
January NUCLEAR POWER has been re- 
printed. Minor amendments have been 
included to bring it fully up to date. 
Copies are now available from the pub- 
lishers at 2/- per copy, post free. 
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What's 


available 


a Nuclear Power special report 


in Laboratory 


Reactors 


With the new low-powered 


on the market, 


organizations can 


reactors now 
universities and research 
achieve an_ integrated 


programme of training, research and isotope 
production. Here is a guide to the dozen 


different designs 


TRIGA General 

Atomics 

Designed not only for reactor training 
and general research purposes, but 
also for isotope production on a con- 
siderable scale, General Atomics’ 
TRIGA reactor exists in two forms dif- 
fering only in the experimental facili- 
ties. In the Mk I version—that seen 
at Geneva—the core is at the bottom 
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available 


commercially 


of a cylindrical tank set into the 
ground and therefore has no horizon- 
tal beam tubes. The Mk II model has 
exactly the same core but the tank is 
entirely above ground inside an octa- 
gonal biological shield which enables 
a graphite thermal column and three 
horizontal beam tubes to be provided. 

Using only natural circulation in the 
pool for cooling, the continuous 
power rating is 10 kW but a forced 


cooling system can be supplie:. which 
allows 30 kW. At 10 kW the average 
flux is about 1°6 x 10?! rising to 4 , 
10! at the centre thimble. Estimated 
core lifetime at this rating is |) years, 
24 hours a day. 

The main isotope facility is an an 
nular magazine surrounding the core 


and containing 40 chambers for speci 


mens. These are loaded through a 
vertical tube and the magazine is ro. 
tated by a simple handgear operating 
through another vertical tube, so thar 


any particular specimen can be loca. 
ted. There is also a pneumatic rabbit 
tube permitting the preparation of 
very short-lived isotopes. 

The TRIGA can produce an equilib 
rium activity of about 80 curies. For 
most applications however it is the 
specific activity that matters and, 
taking a minimum useful figure for 
tracer work of 0-1 microcuries per 
milligram, the machine can_ produce 
isotopes of 62 of the first 83 elements 


in useful quantities and in_ specific 
activity exceeding this value. For 
higher specific activity, the central 


thimble is, of course, available in a 
flux of from 2 to 4 x 101! at 10 kW 

Applications foreseen for TRIGA iso 
topes include ‘trace determination by 
activation analysis, autoradiography 
tracer work in medicine, biology and 
chemistry. It is also suitable for bulk 
irradiation since quite a lot of space 
is available in high-flux areas near the 
core without adversely affecting re 
activity. 

For training in reactor operation. 
the machine, of course, has all the 
essential features of a power reactor 
and experiments such as_ measure 
ments of migration areas, absorption 
cross-sections and void coefficients can 
be readily carried out. The centre 
thimble can be used for pile-oscillator 
or danger coefficient experiments. 

The above-ground version in addi 
tion to these facilities has a 4 ft x 
4 ft graphite thermal column shielded 
on the outside by a rolling concrete 
plug. This provides a supply of well 
thermalized neutrons for experiments 
such as exponential assemblies. Two 
of the beam tubes pierce the shield 
radially to look directly at the core: 
the third is tangential to avoid ex 
cessive gamma streaming. These facil- 
ities are suitable for use in neutron 
spectrometry experiments. 

The reactor is based on a _ unique 
solid homogeneous element combining 
both fuel and moderator. This is 4 
1-42 in. dia, 14 in. long rod of hy- 
drided uranium/zirconium alloy con- 
taining 8 wt% of 20% enriched ur- 
nium and 1 wt% hydrogen. The 
rods, surmounted top and bottom }y 
samarium poison disks and graphite 
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rods acting as end reflectors, are 
canned in aluminium and arranged, 
together with a number of graphite 
dummy elements, in grid plates. The 
refiector is an annular ring of graphite 
canned in aluminium. 

Inherent safety is claimed because 
of a relatively large temperature co- 
efficient of reactivity arising from the 
element design. If the fuel tempera- 
ture rises, that of the moderator fol- 
lows without delay and the average 
energy of the thermalized neutrons in- 
creases. The fission cross-section for 
these neutrons is reduced and so the 
reactivity is immediately reduced. In 
addition the U-238 resonances are 
broadened by the Doppler effect 
which again reduces reactivity. The 
core plates have 83 positions filled by 
either real or dummy _ graphite 
elements. 

Control is by three boron carbide 
rods operating in perforated guide 
tubes. The rods are cable driven with 
an electromagnet connexion at the 
lower end which can be de-energized 
in an emergency. 

rRIGA I is economical in floor space 
but is of course limited in its experi- 
mental facilities. The above ground 
model by nature of the biological 
shield is naturally more expensive but 
the increased flexibility makes it very 
attractive in situations where many 
different scientists are able to benefit 
by it. 


10 kW TANK AMF Atomics 
Similar to the thirteen high-powered 
pools by AMF now either in opera- 
tion or under construction, this train- 
ing model has a design power of 
10 kW, The rectangular pool is 4 ft x 
4 ft 4 in. by 20 ft high, providing 16 ft 
of water above the core for shielding. 
One side there is a niche about 15 in. 
wide by 18 in. extending the whole 
depth of the pool completely un- 
obstructed for bulk shielding studies 
and storing radioactive materials. 
Bottom and sides are lined with 4 in. 
aluminium plate, and the lower por- 
tion of the biological shield is of 
barytes and the upper of regular con- 
crete. 

MTR-type fuel assemblies are moun- 
ted in an aluminium grid plate with 
a 5 x 6 rectangular lattice. Three of 
the elements contain only half the 
standard U-235 content and have a 
central guide channel to take control 
rods. The 30 holes of the grid plate 
also take graphite reflector elements, 
test sample containers, etc. On three 
sides the core is reflected by graphite 
sealed in an aluminium can. 

Four 6-inch beam tubes are inclu- 
ded in the design. These terminate in 
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Their value in training 


One of the essential features of all 
these types of reactor is their inherent 
safety. This, of course, is a most 
necessary requirement for any reactor 
which is to be used for training and 
teaching purposes. It must be capable 
of being operated and handled by in- 
experienced people and yet at the same 
time must be flexible in design and 
simple in construction so that the 
maximum possible use can be made of 
it. In this it then compares favourably 
with more conventional equipment. In 
addition, such a reactor must be rela- 
tively cheap to buy and operate other- 
wise it will be beyond the means of 
most teaching institutions. 

The real value of a reactor which 
can be used for teaching, training and 
research purposes will be determined 
by the organization which is going to 
use it. To obtain the widest possible 
use, which really means the most eco- 
nomic use, the organization must have 
a very wide variety of interests. The 
use of these reactors ranges over the 
fields of reactor physics, reactor en- 
gineering, reactor operation, health 
physics, the production of radioiso- 
topes, and medical and _ biological 
studies. So a reactor put to all these 
uses will be much more economic than 
if, for example, it is only used for 
training engineers and_ physicists. 
This, of course, is not to say that the 
reactor is not capable of being used 
full time for such a purpose, but that 
the time allocated for the use of a 
reactor in, say, a training course for 
engineers and physicists is necessarily 
limited. 


As opposed to most other types of 
experimental equipment, a_ reactor, 
however simple it is to construct and 
operate, needs its own full time opera- 
tional and maintenance staff. This adds 
to the cost of the already expensive 
reactor and so makes it necessary to 
use the reactor for as large a fraction 
of each day as possible, which again 
means that it must have a very wide 
usage. 

It is possible to make some com- 
parison of the cost of this type of 
reactor with the cost of some pieces 
of equipment which will serve some 
of the purposes of a reactor. The only 
British firm in the business markets 
its model at £50,000 without fuel, and 
American prices vary from $100,000 
to $250,000. As the fuel would be 
almost certainly highly enriched ura- 
nium, the cost of this is impossible 
to estimate and would presumably be 
a loan charge. 


Alternatives and costs 

A typical substitute for some of the 
experiments which can be performed 
with the use of a reactor is an expo- 
nential experiment—one, for example, 
is in use at Imperial College, London. 
This may take the form of an arrange- 
ment of graphite and natural uranium 
as in a reactor. Its main purpose is to 
predict the critical size of a reactor 
of the same arrangement, but in addi- 
tion other measurements can be made. 
These are largely confined, though, to 
measurements of the neutron flux 
either on the small scale—that is 
across the uranium with its associated 
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Reflector 


Fuel element 


TRIGA can be bought in either the original below-ground version, shown at 
Geneva and illustrated here, or above ground with a biological shield. Mk II has 
a thermal column in addition to these facilities 
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Their value in training 
amount of graphite-—or across the 


stack as a whole. Measurements of 
critical size can, of course, be made 
with a reactor, and if the reactor is 
suitably designed, the critical size for 
a large number of different arrange- 
ments can readily be determined. 
With this type of exponential stack, 
this is possible only for a small num- 
ber of variations and only then after 
the whole stack, which is of the order 
of an 8 foot cube in size, has been 
taken down and reassembled. Also, 
flux distributions can be readily de- 
termined in a reactor. As an alterna- 
tive, then, the exponential experiment 
is a poor substitute for a reactor. 

The cost of an exponential stack 
lies largely in the graphite and ura- 
nium, but there are additional costs 
for such items as neutron sources, 
coffins for the sources and a strong 
and accurately level floor for the stack 
to stand on. About 25 tons of graphite 
will be contained in the stack and 
at, say £400 per ton, the cost will be 
£10,000. About 3 tons of natural ura- 
nium is also required, which again 
will presumably bear a hire charge. 
The point to bear in mind here is 
that an exponential experiment can 
only replace a very small fraction of 
the use of a reactor at an appreciable 
fraction of the cost. 

As an additional example, the use 
of a reactor simulator can be cited. 
This is a piece of equipment which 
simulates electronically the power re- 
sponse of a reactor as a function of 
time, consequent upon changes in the 
reactor. It is a particularly useful 
training tool in the absence of a re- 
actor, but even a very simple version 
will cost in the region of £5000. 


No real substitute 

Thus replacing a reactor by even a 
very few pieces of equipment which 
will only perform a small, and at the 
same time very specialized, fraction of 
the functions of the reactor, can lead 
to an expenditure which is an appre- 
ciable cost of a reactor. In other 
words, setting up a nuclear engineer- 
ing laboratory without a reactor is an 
expensive matter, and such a labora- 
tory can at best only supply a small 
fraction of the experiments which can 
be performed if a reactor is available. 
The absence of a reactor means, in 
addition, that a large number of ex- 
periments cannot be performed at all. 
It is particularly interesting to note 
in view of this, however, that at the 
present time there is no reactor in this 
country in anything like full time 
use for educational and training pur- 
poses, but that in the USA there are 
already some 20 to 30 either in use or 
under construction. 





the graphite reflector which. means 
that the inner face is located at the 
point in the graphite where the flux is 
maximum, that the inner 11 in. of the 
tubes are surrounded by the reflector, 
giving a better experimental flux at 
the outer face, and also that there are 
4 in. of graphite between the inner 
face of the beam tube and the core— 
important for safety. A 2 ft cube 
opening in the shield for the beam 
tubes serves as an instrument cave. 
Extending from the exit face of the 
beam tube to the outer face of the 
biological shield, the openings are 
filled with barytes concrete shielding 
blocks. Using this, experimental ap- 
paratus can be placed nearer the re- 
actor core for neutron beam work. 

Other optional experimental facili- 
ties include a thermal column extend- 
ing from the reflector to the outer 
edge of the shield, a hydraulic rabbit 
mounted on the railing of the operat- 
ing platform, a pneumatic rabbit into 
the core, a 4 or 6 in. through tube and 
an isotope production facility. A hot 
cell can be incorporated into the pool 
wall opposite from the core, linked to 
the pool by a special underwater 
through tube. 


10 kW POOL AMF Atomics 
Needing a total water depth of 22 ft, 
this model can be installed either 
above or below ground. It has a larger 














ACF core is common to both their 
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AMF tank—first of these 10 kW reac- 
tors was built for the Dutch ‘Het 
Atoom’ exhibition in 1957 and is now 
in operation at Delft University at an 
increased power of 100 kW 


version of the AMF design grid used 
in their 10 kW pool—this time the 
lattice is a 6 x 9 grid—and needs a 
correspondingly larger critical mass. 
Control drive mechanisms are also 
standard AMF design and the control 
and instrumentation system has fea- 
tures proved on the larger AMF re- 
actors. Experimental facilities avail- 
able are the same as those of the 10 
kW pool. 


PTR 604 & 
PTR 605 


The ACF Pool Training Reactors 
are available in two models covering 
several power levels, varying from 10 
watts to 10 kW. In both all basic reac- 
tor components and systems are pre- 
fabricated and shipped to the site for 
final assembly. With this ‘ building 
block’ method the irradiation facili- 
ties can be varied according to the 
customer’s needs. Also the customer 
may provide certain parts directly. 
such as the tank and shield, in which 
case ACF provide only the design and 
installation supervision of these parts. 
This reduces the amount of foreign 
exchange when selling abroad and 
accounts for the wide variation in 
their price quotations—$125,000 to 
$250,000. 

Although the two models available. 
604 and 605, use different tanks and 
shielding, their major components- 
grid plate, fuel assemblies, control rod 
and drive mechanisms, instrumenta 


ACF Industries 
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ticn and control systems, and console 
re the same in both, should con- 
version to higher power be required. 
Che basic 604 design is for 10 watts 
but with more shielding and a small 
quantity of additional fuel this level 
can be increased to 1000 watts, Twenty- 
five MTR-type fuel assemblies in a sup- 
porting grid form the standard core. 
nrichment can be either 20 or 93-5%. 
The 604 tank is welded steel plate, 
coated on the inside with liquid tile. 
Dimensions are 10 ft 6 in. deep, 12 ft 
long. 8 ft wide ; additional shielding is 
given by ordinary concrete blocks 
stacked round outside. For the 10 kW 
605 a 7 ft dia cylindrical tank is used, 
18 ft deep, and some heavy concrete 
is used in the poured shield. This gives 
protection against the 1:3 x 10" flux. 
Basic experimental facilities are 
identical in both models: the thermal 
column is 2 x 2 ft at the core end, 
there are two 6 in. dia beam tubes, 
one 6 in. through tube and ample 
space round the core for bulk shield- 
ing. Custom design allows the addi- 
tion of more facilities as required. 


THE ARGONAUT TYPES 


The Argonne National Laboratory’s 
training and research reactor, called 
the Argonaut—from Argonne naught 
power—was put into operation there 
in February, 1957. It was handed over 
to the International School of Nuclear 
Science and Engineering a month later 
and has been used ever since in train- 
ing students from 35 countries. Three 
modified versions of the well-tried ori- 
ginal are now available commercially: 
two produced in the USA and one in 
Great Britain. 

In its design, the main features 
aimed at were flexibility, versatility, 
economy of construction, and safety. 
Its simple construction was proved by 
the fact that the Argonne - staff 
assembled one from packing cases in 
five days at the Geneva scientific exhi- 
bition. Safety is inherent in the core 
type—it has a large negative void co- 
efficient and a negative temperature 
coefficient—and additional safety has 
been introduced by several mechanical 
design features. A wide variety of 
experiments are possible with the 
Argonaut for instance: external expo- 
nential experiments, fuel studies, such 
as reactivity microscopic flux map- 
ping, shielding and irradiation effects, 
pile-oscillator measurements, critical 
mass determination. 

Cost of the first Argonaut without 
fuel was estimated at $100,000 of 
which a fifth went on a new building, 
slab and foundations. Maximum oper- 
ating power is 10 kW thermal with 
neutron fluxes of about 10". 
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The assembly is a graphite cube with 
a central annular core formed of two 
aluminium tanks, 36 and 24 in. dia 
and 24 in, high. In the centre is a 
cylindrical graphite reflector which 
can be removed and replaced by a 
lattice assembly for internal exponen- 
tial experiments. The fuel elements 
are MTR-type plate assemblies—a 
cluster of 17 aluminium plates with 
dispersed U.O.,—mounted in the an- 
nulus with waterproofed graphite seg- 
ments between them. This graphite, 
together with water round the fuel 
element plates, provides moderation. 
With this type of arrangement the 
number and position of the fuel boxes 
can obviously be altered according to 
experimental requirements. The annu- 
lar geometry, although suffering from 
the disadvantage of a large critical 
mass, gives a large volume for experi- 
ments and is ideal for internal expo- 
nential work and testing components. 








UTR 10 features a rectangular graphite prism as moderator surrounding two 


any one rod is capable of shutting 
down the reactor. 

Stacked concrete blocks or mono- 
lithic concrete form the main body of 
the shield whose thickness varies 
according to the attenuation needed. 
The top shield is made to be remov- 
able by an overhead crane, and the 
top of the reactor is kept free of 
mechanisms to give accessibility for 
loading fuel assemblies and installing 
experiments. 

Against one face of the graphite 
cube is a graphite thermal column. 
The dimensions of this and the num- 
ber of ports vary in the three com- 
mercially available models. Against 
another face is a removable water 
tank, mounted on a flat-bed truck 
running on rails for shielding experi- 
ments. 

Activated fuel elements are trans- 
ferred from the reactor to a fuel stor- 
age pit in the concrete floor near the 


open-top core tanks housing the fuel. Unlike its forerunner the Argonaut, the 
shield experiment tank is inside the main reactor shield 


Water circulated through the core 
annulus acts not only as moderator 
but also coolant and, by linkage to a 
dump tank, as emergency shut-down. 
Supply is mains tap water which is 
passed through a mixed-bed ion ex- 
changer and then to an aluminium 
dump tank. A simple heat exchanger 
is connected in this closed loop. In 
emergencies the reactor tank can be 
drained through a six inch dump line 
controlled by a quick-release flap valve 
operated by a magnetic clutch. At the 
same time, an independently operated 
gas sparging system injects nitrogen 
bubbles at the bottom of the fuel 
boxes to reduce moderator density. 

Regular operation control is by cad- 
mium plates in slots in the outer re- 
flector near the core tank. There are 
six available positions, the number of 
rods depending on the core geometry. 
All are designed to fail to safety and, 
with the exception of the fine control, 


reactor in a lead coffin. For this a jib 
crane is installed, used also for hand- 
ling the top shield units. 

UTR 10 American-Standard 
The main difference between Ameri- 
can-Standard’s University Training 
Reactor and the Argonaut lies in its 
core design. Here the annular geo- 
metry has been abandoned in favour 
of a fixed two-slab arrangement with 
a rectangular graphite reflector be- 
tween them. Two open-top core tanks, 
18 in. apart, are centrally positioned 
within 4 in. square graphite blocks. 
Each tank is equally subdivided into 
six fuel chambers and the fuel ele- 
ments arranged vertically midway be- 
tween these chambers. This configura- 
tion gives approximately one foot of 
graphite reflector in all directions. 
Critical mass loading is about 3 kg 
U-235, and fuel lifetime around 10 
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years, fission product build-up and 
burnup being the controlling factors. 
Two types of plate can be used: for 
the American market uranium of 90%, 
or greater enrichment is contained in 
solid solution with aluminium; for 
overseas 20%, enriched U,O, in an 
aluminium matrix is used. Built-in ex- 
cess reactivity is limited to 05%. 

Control is by four cadmium ele- 
ments: two safety, one shim-safety, 
and one regulating. The safety rods 
normally remain out of the core and 
are Only inserted during scram opera- 
tion. The shim-safety and regulating 
rods with their reversible drive mech- 
anisms, give coarse and fine control 
respectively. 


Total of 22 access ports 


Maximum flux in the internal re- 
flector is in the order of 10'' and five 
vertical graphite stringers are provided 
for specimen irradiation. Here absorp- 
tion cross-section measurements by 
the danger coefficient or pile oscillator 
methods are made. 

Total, fission, and scattering cross- 
section measurements can be _per- 
formed in two 6 in. dia beam ports 
extending through the concrete shield- 
ing into the internal reflector where 
they have a removable graphite plug. 
A concrete shielding plug fills the 
length of the port outside the reflector 
and can be replaced with a neutron 
collimator for experiments requiring 
a defined neutron beam. Maximum 
neutron current available is approxi- 
mately 1:5 x 10'°. 

The 5 x 4 x 5 ft thermal column 
is composed of 4 in. square graphite 
blocks. Between it and the core is a 

$ in, thick lead curtain to shield per- 
sonnel from gamma radiation when 
the outer face is exposed during shut- 
down. Fourteen 4x 4x 60 in. 
stringers are located symmetrically in 
the column; one 73 in. long in the 
centre passes through the lead curtain 
and the reflector to within an inch of 
the outer core tank. A concrete closure 
door mounted on rails gives easy 
access to the stringers. Flux at the 
curtain is 6 x 10'° and 10° one foot 
inside the outer face. 

Opposite the thermal column a 24 
foot square graphite duct leads into 
the bottom of a 5 x 6 x 114 ft deep 
open-top shield experiment tank. An 
aluminium-plate ‘ window’ incorpor- 
ated at the water and duct interface 
prevents shielding water from leaking 
into the graphite. Peak thermal neu- 
tron flux at the water and duct inter- 
face is around 10°; with a fission 
plate at the interface there is a maxi- 
mum fission spectrum of the same 
value. 
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As well as these reactor physics ex- 
periments, nuclear engineering studies 
of reactor properties can be made, 
such as critical mass determinations, 
flux distributions, temperature coeffi- 
cient of reactivity, core building, con- 
trol rod calibration, fuel element dis- 
advantage factors, excess k and 
material shielding properties. 


AMF Atomics 


EDUCATOR and GNE 


A two-slab core arrangement is also 
a feature of the AMF Atomics-Gen- 
eral Nuclear Engineering Educator. In 
the 5 x 5 x 9 ft graphite prism there 
are six aluminium fuel boxes arranged 
in two rows. These contain a total of 
24 fuel bundles, each comprising 11 
MTR plates. This arrangement has been 
adopted by AMF for several speci- 
fied reasons: first no protective clad- 
ding is needed for the graphite be- 
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SPARE CONTROL ROD POSITIONS 


CRITICAL MASS Zkg 


fications made have resulted largel 
from the need to satisfy British stan 
dards of instrumentation and contro 
One difference in layout is that th 
dump tank has been moved round t 
a new position under the shield tan} 
rails, which is more economical o 
floor space. 


The aluminium annular core is 4 ! 
high with an inner tank of diamete; 
2 ft and outer 3 ft. The internal gra 
phite reflector contained in the inner 
tank has five full-length removable 
stringers; for larger experiments this 
can be removed as a unit provided 
that the fuel has first been unloaded 
Dido-type fuel plates in assemblies of 
3 x 6 in. are used which are the same 
height and width as the MTR design 
These can be loaded into the core in 
three possible configurations’ with 
associated critical masses varying 
from 2 to 4 kg, as shown in the 





CRITICAL MASS 3-8kg 


CRITICAL MASS 4-2 kg 


JASON’S annular core, a direct inheritance from the Argonaut, provides a choice 


of three fuel configurations. Each fuel 


cause it does not come into contact 
with the water; secondly, there is no 
excess volume in the core for addi- 
tional fuel plates so that the loading 
cannot be made unsafe, Also there is 
no possibility of rearranging the pat- 
tern to exceed the designed excess 
reactivity. 

The separation of the fuel boxes is 
used to accommodate 16 vertical foil 
slots for flux mapping, a facility not 
available in the utTR-10. It also has 
six vertical holes in addition to three 
horizontal beam tubes. By contrast 
the thermal column has only six access 
ports instead of the uTR-10’s fifteen. 


Hawker 


JASON Siddeley 


Of the three Argonaut types available, 
the Jason is the least modified. Mar- 
keted by the Hawker Siddeley Nu- 
clear Power Co Ltd, this design 
retains the annular core and the flexi- 
bility inherent in this geometry. Modi- 


box contains 30 DIDO-type fuel plates 


figure. The number of control rods 
varies accordingly. Excess reactivity is 
05% although more may be held 
down by experiments installed prior 
to core fuel loading. Control is by 
cadmium sheet as usual: I or 2 
safety, | or 2 coarse, | fine, according 
to core loading and excess reactivity. 

Like the urr-10, Jason has a ther 
mal column with 14 ports, two 4 » 
4 in, beam holes and a shield tank. 
The annular geometry provides an 
ideal driving lattice for  interral 
buckling measurements and the null 
reactivity method of determining k co 
for proposed power reactor fuel ele 
ment assemblies, the internal core tank 


giving ample space for water or 
organic-moderated lattices. Also the 
effect of small changes in design. 


burnup, etc can be measured by oscil- 
lating samples in the central cell of 
the test lattice where the neutron spec 
trum approximates to that in an in 
finite assembly. Thus small changes in 
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Laboratory reactors—quick reference data 


NAME 


AGN 211 





FLUX m/cm2/s 
6 CORE 

7 CRITICAL MASS 
8 


ENRICHMENT 
9 ELEMENT 


10 MODERATOR 
it COOLANT 
12 REFLECTOR 


13 TEMPERATURE 
COEFFICIENT 


14 EXCESS REACTIVITY 


15 CONTROL 
16 SHIELDING 


17 EXPERIMENTAL 
FACILITIES 


18 OPERATING SPACE 
NEEDED 


19 APPROXIMATE COST 


20 NOTES 


lattice of cylindrical fuel 
elements and graphite 
dummies 


2 kg 


20°% 

U/ZrH rods, Al 
clad 

ZrH 

H,O 

graphite, Al clad 


8 x 10°-°/°C 


0-7% 
B,C rods: 1S, 1C, IF 


concrete, H,O 


thermal column 

3 hor. beam tubes 

I vert. beam tube 
rotary specimen rack 
pneumatic rabbit 


50 « 30 « 24 ft 


$145,000 basic 


Triga |: below ground 
version, similar but no 
thermal column & no 
beam tubes. 

With forced cooling, 
30 kW model available 


10° at 20 W 
homogeneous: U235 
polythene mixture 


656 g 


20% 


polythene 


graphite 


2:5 x 10-4/°C 


0-2% 
U-containing rods 
28, 1C, IF 


H,O, Pb 


glory hole 
4 access ports 
vertical thermal column 


16-16% 12 ft 


$100,000 


May be operated at 
20 W continuous, 

I kW intermittent 
with concrete shielding 


16 UO,/polythene 
elements in Al grid 


l kg 


20% 

UO, /polythene mixture 
rods, plastic coated 
polythene a 
H,O 


graphite 


3-6 x 10-4/°C 


0-2% 
boral sheet: 2S, 1C, 1F 


H,O, concrete, Pb 


as required: 
thermal column 
vert. glory holes 


20 « 20 « 14 ft 


$100,000 


Core configuration 
flexible; may be operated 
at 100 W continuous, 

1 kW intermittent 


| TRIGA II AGN 201 AGN 451 UTR 10 

2 TYPE swimming pool solid homogeneous swimming pool swimming pool Argonaut type 

3 MAKER General Atomic Aerojet-General Aerojet-General Aerojet-General American-Standard 
Nucleonics Nucleonics ___Nucleonics ee ee eas 

4 POWER 10 kW oa 1 W 100 W 10 kW max 

5 THERMAL NEUTRON 4. 10"! max 5 x 10° nominal 3 x 10’ max 3 x 10° max 10'? max 


12 UO,/polythene rect. graphite prism _ 


elements in Al grid 2 core tanks, 12 element 
800g 7 3 kg 
20% 20—90™% 


UO, /polythene mixture 
rods, plastic coated 


MTR plates 


H,O & graphite 


polythene 


H,O H,O 
graphite graphite 
3-6 x 10-4/°C — 1-69 x 10-2/°C 
0-2% 0-5% 
IF, 1C (boral sheet) 4 Cd rods 
2S (B,C) 
usually underground concrete 


as required: 
thermal column 
vert. glory holes 


thermal-column, 15 ports 
internal column, 5 ports 
2 beam tubes 

shield tank 


pool 21 ft deep, 5 ft dia 38 «42 «17 ft 
surface 20 = 30 « 30 ft 
$125,000 basic $175,000 


With MTR AI clad 
elements containing 
3-5 kg U-235, power 
up to 100 kW, flux 
10'*, for isotope 
production 


Domestic market: 
fuel is 90°%% U in 
solid soln. with Al. 
Foreign market: 
20% U,O, with Al 





design need not result in a demand 
for new fuel elements. Fine structure 
data may also be obtained in the in- 
ternal region. 

Access to this region means that 
pile oscillator measurements can be 
made without any scattering correc- 
tion. A heavy water tank may be 
substituted for the central graphite 
column to give a_ well-thermalized 
spectrum at the point of maximum 
thermal flux. Alternate use of D.O 
and graphite would enable samples to 
be oscillated in well-thermalized and 
hardened spectra and will yield infor- 
mation On resonance spectra. 

If the reactor is to be used primarily 
for radiation and beam work and core 
flexibility is of little importance, the 
single slab configuration is all that is 
needed. 


Atomics 
International 


L77 


This reactor is the latest in a very 
long line of aqueous homogeneous 
types, the first of which was Lopo— 
built as long ago as 1943 at Los 
Alamos. Others such as HYPO and 
supo followed and in 1948 Atomics 
International (North American Avia- 
tion) took up the development, even- 
tually installing reactors of this type 
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in Germany, Italy, Japan, Denmark 
and the United States. Most of these 
are either of 1°5 or 50 kW and in 
1957 it was decided to offer a much 
less powerful version (10 watts) which 
could be completely factory assem- 
bled as a ‘ package,’ suitable for in- 
stallation with the minimum of fuss 
in an existing building, would give a 
reasonable amount of experimental 
facilities with moderate cost and save 


further expense by the avoidance of 
high-trained staff to operate it. 

This type of reactor was for a long 
time called a ‘ water-boiler’ but this 
was a complete misnomer as the solu- 
tion never boiled under normal opera- 
ting conditions: they are now more 
commonly known as solution type re- 
actors. The L-77 is extremely simple 
and consists basically of a stainless 
steel spherical vessel containing a criti- 


L 77 production line shows assembly of the spherical core containing the uranyl 
sulphate solution into the three-region shield, at left, which fits into the 8 ft dia 
steel containment tank on the right 
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Al a 
confi 


0-5% 
exp. 

fuel | 
Cd sl 


conc! 


thern 
intert 
2 bea 
shielc 


£50,0 


3 cor 





EDUCATOR 


604 





JASON L 77 PTR £08 AMF TANK AMF POOL 
Argonaut type Argonaut type solution swimming pools 2 
Hawker-Siddeley AMF—GNE Atomics International ACF AMF AMF 3 
{0 kW cont 10 kW 10 W iI—10W 10 kW ~ 10kW 4 
10 kW 
15 «1 max 1-8 x 10"? max 2 x 10° max 1-3x 107 atl W 7:7 x 10?° av 1-3 x 10"? max 5 
1-3 x 10" 
Al annulus, 3 core rect. graphite prism, U,SO, soln. in 25 MTR type fuel 6 x9 grid 5 x 6 grid . 
configs. possible 2 x3 fuel boxes 152 in. dia. s.s. assemblies in supporting 6 
: ; spherical vessel grid plate 
14 kg 4kg 1395 g 3-3 kg (20%) or 3-6 kg 2-38 kg 7 
3-0 kg (90%) 
20—90 20% 20% 20 or 90% 90% 90% 8 
DIDO plates MTR plates MTR type MTR type MTR type 9 
H,O & graphite H,O & graphite H,O H,O H,O H,O 10 
H,O H,O H,O H,O H,O H,O 11 
graphite graphite see shield graphite & H,O H,O graphite & H,O 12 
10-*/°¢ — 0-263/°C — 1-21 x 10-3,°F 1-05 x 10-4/°C 13 
0:5°% More held by 
exp. installed prior to 0-5% max 0-5 0-4 — 0-5", 14 
fuel loading : 
Cd sheet 1—-2S, 1—2C, 1F 4 Cd blades Cd cylinders: 1C, 1S 2S (B,C), IC (s.s.) 3S (B,C), 1C (s.s.) 2S (B), 1C (s.s.) 15 
3 regions comprising 
concrete concrete lead, diphenyl, boron H,O, concrete H,O, concrete H,O, concrete, Pb 16 
& paraffin mixtures 
thermal column, 14 ports thermal column, 6 ports 2 beam tubes basic: as required: basic: 
internal column, 5 ports 3 vertical beam tubes 5 exposure tubes thermal column beam tubes 4 beam tubes 
2 beam tubes 6 hor. beam tubes (1 main, 4 aux) 2 beam tubes rabbits bulk irradiation area 
shield tank shield tank with 1 radioactive gas tube through tube thermal columns as required: 17 
beam tube 2 spare instrument bulk shielding through tubes thermal column 
16 vert. foil slots thimbles bulk irradiation area rabbits 
isotope prodn. facility through tubes 
: isotope prodn. facility 
35 x 45 = 20 ft 2000 sq ft x 21 ft 20 « 20 x 12 ft 17 ft high 23 ft dia. x 30 ft 18 
30 ft high 
£50,000 $175,000 $100,000 $125,000—S250,000 $145,000 $160,000 19 
3 core loadings possible Core and triple 604 will operate at —~—~— above or 
shield suspended in 1 kW with extra below ground 
8 ft dia, 7 ft deep shielding 20 


water-filled shield 
tank 


604 rectangular tank 
605 cylindrical 








cal mass of 20% enriched uranyl sul- 
phate solution. The vessel has a wide 
opening at the top communicating 
with a dome of diameter rather more 
than that of the opening. In the event 
of any expulsion of solution during a 
power excursion it overflows into the 
dome. This immediately reduces reac- 
tivity which is a valuable inherent 
safety feature. Control is by two rods 
working in vertical thimble tubes ex- 
tending right through the dome and 
sphere. The poison sections of the rods 
contain cadmium, the upper, lead as a 
reflector and shield. 

One problem in this type of reactor 
is that of radiolytic decomposition and 
the 1-77 incorporates a _ platinized 
alumina catalyst unit inside the dome. 
In operation, the sphere is maintained 
at a vacuum of about 24 inches of 
mercury. The larger solution reactors 
have internal cooling coils in the 
sphere but on the L-77 with only 10 
watts to be dissipated, none is re- 
quired. 

The core is contained inside a three- 
region primary shield which also acts 
as a reflector. This whole assembly is 
contained in a_ cylindrical stainless 
Steel vessel 43 in. dia which in turn is 
fixed at the centre of an 8 ft dia steel 
tank filled with ordinary water. 

[he main exposure tube (1:37 in.) 
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runs right through the centre of the 
core and there are also four smaller 
exposure tubes (0°75 in. dia) going 
right through. Two stepped beam 
tubes (1°87/3-23 in. dia) run from the 
tank walls to the surface of the core. 
There are also four instrumentation 
thimbles which run beneath the core: 
two of these are spare and can be 
used for experimental work. Finally, 
the vacuum line allows fission product 
gases to be used as a gamma source. 
The equilibrium activity is about 10 
curies at the maximum thermal flux 
of 2 x 10%; gamma flux at the centre 
is about 2000 R/h. 

The manufacturers list 118 isotopes 
having specific activities greater than 
10 dps/g which can be produced in 
one hour’s irradiation. Of these 73 
have half-lives short enough to allow 
normal disposal after decay. Twenty 
of them have half-lives so short that 
they are not commercially available. 

Many useful reactor experiments 
may be carried out using a pile oscil- 
lator device. These include cross-sec- 
tion determinations, delayed neutron 
fractions and prompt neutron lifetime. 
The reactor can also be used for 
demonstrations of flux plotting, shield- 
ing studies, cross-sections by danger 
coefficient method, fission gas activity 
and build up, and radiolysis of water. 


Aerojet-General 
AGN 201 Nechanies 

The characteristic common to all three 
low power reactors marketed by 
Aerojet-General Nucleonics is their 
homogeneous plastic core. The 
material used is a dispersion of 20% 
enriched UO, particles embedded in 
radiation stabilized polythene which 
acts as the moderator. This mixture 
is inherently safe, even for reactor 
transient periods as low as 4 to 6 
milliseconds, It results in negligible 
time delay in heat transfer from fuel 
to the moderator and the prompt heat- 
ing of the polythene increases the aver- 
age thermal energy of the neutrons, 
resulting in decreased fission-to-cap- 
ture probability. Also the prompt ex- 
pansion of the fuel elements cause a 
decrease in the density of the modera- 
tor which increases the leakage of the 
neutrons out of the core; net result is 
that the reactor shuts down. 

The model 201 is portable, low priced, 
self-contained and requires no extra 
shielding. Continuous design power is 
0-1 watt when the peak flux is 5 x 108. 
A minimum quantity of uranium is 
used—critical mass is 656 g U-235 in 
20% enriched UO,.—core life is effec- 
tively infinite and it provides a high 
analytical sensitivity for danger-co- 
efficient tests. Typical uses in educa- 
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operation. Like all the AGN 


AGN 201 is a packaged unit standing only 9 ft high, we 
reactors, 















ighing under 10 tons in 
the core material is a dispersion of 


uranium oxide in polythene 


tion are demonstration of both steady 
state and kinetic and dynamic behavi- 
our of reactor systems and safe as- 
sembly of a critical mass. In addition 
to training reactor operators and test- 
ing for radiation effects, as an applied 
research tool it may be used for the 
production and study of isotopes, for 
activation analysis, pile oscillator test- 
ing and as a controlled neutron source 
to drive exponential assemblies for 
core lattice design studies. Over 180 
isotopes can be produced for use in 
process control and medical diagnosis. 


Plastic fuel in disks 

The polythene-UO, dispersion is 
made into nine 10 in. dia disks of vary- 
ing thickness. Above and below is a 
high-density graphite reflector and the 
whole is contained in an aluminium 
core tank. Round this is a further 
section of graphite, a 10cm lead shield 
and, on top of this, the thermal column 
tank, all in a secondary container, the 
steel reactor tank. Finally this is sup- 
ported inside the steel water tank to 
give the overall reactor dimensions of 
6} ft dia, 9 ft high. 

Control is from the bottom by two 
safety, one coarse and one fine rod. 
Each contains up to 20 g of U-235 in 
aluminium cans and acts so that re- 
activity is increased as the rods are 
inserted. With a maximum 235 in the 
coarse rods, each controls about 1-6 
reactivity. The control rods pass into 
the core through holes in the lower 
four fuel disks. 

Startup is achieved by a 10 mc Ra- 
Be source in the graphite reflector. 
With safeiy rods cocked and control 
rods all the way out, the reactor mullti- 
plication generates 30 microwatts and 
gives indications on all instruments. 
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Experimental facilities comprise a 
lin. dia horizontal glory hole passing 
through the core, 4 in. dia access ports 
passing through the reflector outside 
the core tank, and the thermal column 
tank. This acts as shield when filled 
with water or thermal column when 
filled with graphite. It can be removed 
to allow the whole core tank or the 
core tank cover to be taken out. 

The 1000 gallons of water in the 
201 tank, containing 250 |b of dissolved 
boric acid, is sufficient biological 
shielding for continuous operation at 
powers up to 100 mW. A more power- 
ful modification, 201P, may be opera- 
ted at 20 W continuously and at 1 kW 
for short periods and with a 25ft ap- 
proach limit for personnel. The201Phas 





added shielding in the form of concret 
blocks and additional instrumentatio 
to monitor the higher power levels. 


Aerojet-General 
Nucleonics 


AGN 211 


With the exception of its plastic cor: 
the AGN 211 is similar in most way 
to other small swimming pool reac 
tors. Designed to operate at a powe 
level of 1 watt—with extra shieldin 
at 100 watts — it is compact, sem 
portable and has a flexible core geo 
metry. Critical mass is |kg and max 
mum thermal flux is 3 x 107. 

Like the 201, the AGN pool ha 
application not only as a_ university 
and research centre experimenta 
facility for training, but also as a neu 
tron source for medical and scientific 
use and for industrial process control] 

Typical experiments which may be 
performed are: flux distribution as 
measured by foils, shielding measure 
ments, control rod calibration and 
effectiveness, effect of absorbers on 
reactivity and flux distribution, effect 
of using different reflector materials 
effect of altering the lattice arrange 
ment. 

The fuel mixture occupies the centre 
12 inches of each 33 in. long plate 
Above and below this is 6 in. of car 
bon reflector. At the top is a 2 in. lead 
shadow shield and then an aluminium 
removal fitting. At the lower end is a 
6 in.aluminium mounting and the whole 
element is doubly coated with imper 
vious resin to protect the UO, from 
the water surrounding each element. 

Sixteen elements form the core as 
sembly, each seated into an aluminium 
grid plate. Surrounding them are 26 
graphite reflector elements. The ele 





AGN 211 is a 1 watt pool featuring a flexible core of plastic fuel plates that 
can be dismantled and rearranged outside the reactor 
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ments can be easily removed from 
above and after operating at 1 watt 
their position in the core can be 
changed outside the reactor. As a 
salety precaution the control rod can- 
not be disassembled without removing 
at least one fuel element. There are 
four boral sheet control rods which 
fit into slots on the edge of the ele- 
ments. 

[he standard pool is 40 in. square 
and 8 ft high, providing 44 ft of 
shielding water above the core. Radial 
shielding is by overlapping concrete 
blocks 18 x 20 x 40 in. thick. The 
usual water purification system is in- 
corporated. With 20 inches of addi- 
tional concrete shielding the 211 can 
be run continuously at 100 W, 3 x 10° 
flux, and intermittently at 1 kW, 3 
10'° flux. This modification is called 
the 211P. The plastic elements can be 
used in other swimming pools as re- 
placements for normal bulk shielding 
elements. 

A variety of adaptations make the 
reactor flexible. The basic pool can 
be provided with access ports, several 
inches in diameter, parallel and close 
to the core assembly, and a 1 in. 
glory hole through the core, allowing 
irradiation in a dry field. Some core 
configurations give water-filled voids 
for exposure tests, and foils or other 
thin samples may be put between the 
fuel element components 


Aerojet-General 
Nucleonics 


AGN 451 


Also a swimming pool type, the 
standard 451 is installed below ground 
although a surface version is obtain- 
able with extra concrete shielding. The 
core is smaller than that of the 211— 
the plastic elements are only 10 in. 
long compared with 33 in.—and with 
the optimum core configuration the 
critical mass is 800g. Design power 
is 100 watts and maximum thermal 
flux 3x 10°. Minimum dimensions of 
the mild steel tank are 5 ft diameter 
and 21 ft deep. 

Experimental facilities are variable 
including reflector plates to fit in the 
grid plate, 1 in. holes through the fuel 
elements etc. With the above ground 
version a 4 x 4 x 5 ft long graphite 
thermal column may be installed. 

As reactor operators gain experi- 
ence, it is intended to replace the plas- 
tic elements with MTR-type aluminium 
clad ones containing 3-5 kg of U-235. 
With this core operating power can 
be increased to 100 kW—more with 
forced cooling—and a flux of 10%, 
allowing a more varied research pro- 
gramme and isotope production. 

: The core size is then increased to 
“4 15% 15 in. but other features are 
substantially the same. 
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SUBCRITICAL ASSEMBLIES 


Model 9000 

A cheaper alternative to a reactor for 
training is a subcritical assembly, The 
Nuclear-Chicago Corporation are mar- 
keting a small packaged unit specially 
designed for university use, called the 
Model 9000. Open in construction, 
this comprises a stainless steel tank, 
4 ft dia and 5 ft high containing a 
lattice of 275 vertical aluminium 
tubes. Each contains five natural ura- 
nium slugs of the type used at Savan- 
nah River, with a total loading of 
5500 Ib, and in the centre of the 
assembly is a Po-Be neutron source. 
Moderator and shield is provided by 
435 gallons of tap water surrounding 
the lattice. Central region flux, using 
five 1 curie Po-Be sources, is about 
5x 104. 

Included with the reactor are a port 
for an external neutron source, such 
as a Van de Graaff generator, a stor- 
age container for the source, foil 
handling and positioning equipment, 
and source handling apparatus. A 
manual of 30 experiments has been 
prepared divided into three groups: 
for training in basic nuclear detecting 
and measuring devices, methods for 
determining properties of particles and 
radiations, and reactor experiments. 





The price, complete with walkway, 
railings and lattice work is $17,500 
with another $10,000 to $15,000 for 
instrumentation. 


Uranie 

Another commercially-available sub- 
critical assembly is the Uranie, de- 
signed and made for the French CEA 
by SAMES of Grenoble and marketed 
in this country by Miles Hivolt Ltd. 
Instead of a radioactive source, this 
uses an accelerator as its neutron 
source, giving easy control of the neu- 
tron output. Either a continuous or 
pulsed neutron generator is available. 
With the former the steady-state per- 
formance of the assembly can be 
studied and with the latter the dynamic 
characteristics of a reactor predicted. 
Used alone the pulsed neutron source 
is a powerful research device. 

The assembly itself comprises 14 
tons of natural uranium in 162 rods, 
each made up of 10 slugs and sheathed 
in aluminium. Water forms both the 
moderator and shielding. Diameter of 
the core is 60 cm and the necessary 
height for the whole installation is 12 
ft. With a simple set of instruments, 
the cost of the whole installation is 
£20,000 excluding uranium. 


MODEL 9000 packaged subcritical assembly comprises a water-moderated lattice 
of 275 tubes containing natural uranium in a 5 ft high tank. With it come calibrated 
positioners for BF, counters and a set of positioning rods with foil holders 





ADDRESSES OF MANUFACTURERS 


GENERAL ATOMIC DIVISION OF 
DYNAMICS CORP 

PO Box 608, San Diego, 12, Calif 
AMF ATOMICS 

261 Madison Ave, New York, 16, NY 
NUCLEAR PRODUCTS-ERCO DIVISION OF 
ACF INDUSTRIES 

508 Kennedy Street N.W, Washington, 11, DC 
AMERICAN-STANDARD ATOMIC ENERGY 
DIVISION 

369 Whisman Road, Mountain View, Calif 


GENERAI 


HAWKER SIDDELEY NUCLEAR POWER CO 
LTD 


Sutton Lane, Langley, Slough, Bucks 
ATOMICS INTERNATIONAI 

PO Box 309, Canoga Park, Calif 
AEROJET-GENERAL NUCLEONICS 

San Ramon, Calif 
NUCLEAR-CHICAGO CORP 

223 West Erie St, Chicago, 10, Ill 
MILES-HIVOLT LTD 

91 Princedale Rd, Trafford Park, Manchester, 17 


95 








concluding 


Boiling effects 
in liquid-cooled reactors 


by H. A. ROBERTS, B.Sc., A.K.C., A.M.L.Mech.E. 
and R.W. BOW RING, M.A(Oxon) 


Reactor Division, A.E.R.E., Harwell 


FOR BOTH BOILING and non-boil- 
ing reactors, the conditions of particu- 
lar interest are those relating to flow 
in vertical channels. However, many 
experiments leading to a better under- 
standing of the processes involved in 
boiling and whose results may be 
readily adapted to reactor conditions 
have been performed with ‘ pool boil- 
ing ’ apparatus. This type of apparatus 
is comparatively cheap and simple to 
construct, usually taking the form of 
a vertical or horizontal heating ele- 
ment, submerged in liquid, contained 
in an open or pressurized vessel, 

Nukiyama (28), in 1934, using such 
an apparatus, measured the heat flux, 
q/A, from a submerged horizontal 
platinum wire in water at atmospheric 
pressure and saturation temperature 
as a function of the difference between 
the temperature of the wire 7,, and 
the saturation temperature 7,,,;. The 
shape of this familiar * boiling curve’ 
(fig 7) may be explained by dividing it 
into a number of boiling regimes, each 
with a different mechanism of heat 
transfer. Recent advances in the inter- 
pretation of boiling phenomena have 
led to new ideas for their correlation. 
The following description of the boil- 
ing curve incorporates these interpreta- 
tions which are used in the various 
heat transfer and burnout relation- 
ships. 

AB represents the part of the curve 
where heat transfer is to the single 
phase fluid, taking place by natural 
convection. The surface temperature 
at B is above the saturation value, the 
excess being required to _ initiate 
vapour bubbles. 

At B boiling from the heater sur- 
face commences. At first, bubbles 
stream from one or two favoured 
points of nucleation, and these nucle- 
ating points become more numerous 
as the heat flux is increased. In this 
nucleate boiling regime, BC on the 
boiling curve, bubbles are formed and 
may either collapse again if the liquid 
is very subcooled, or leave the surface 
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In the second of a two-part article, t 
authors deal with boiling heat trars 


fer: the effects of various types 


boiling, recent correlations for calc. 


@O 


_— 


lating fuel element temperatures, ard 


reactor safety limits set by burnout 


as discrete bubbles if the liquid is only 
slightly subcooled or at saturation 
temperature. In the later case, the 
effect of increasing the heat flux is to 
increase the bubble population and to 
a lesser extent the production rate. 
At C bubbles follow each other so 
closely that they join together to form 
continuous oscillating vapour columns. 
The heat flux rises less rapidly with 
temperature difference and goes 
through a maximum at D. The boiling 
mechanism may be thought of as 
bursts of vapour rising in columns 
from near the heated surface with 
down-jets of colder liquid between, 
impinging directly on to the heated 
surface (/3). As the temperature differ- 
ence increases these ‘ spikes’ of liquid 
decrease in size until eventually there 
is probably no direct contact between 
the liquid and the heated surface, The 





Curve of heat flux against temperature 
difference shows the different regimes 
of boiling (Fig 7) 


part of the curve CDE is best named 
the transition film boiling regime (30). 
If the critical heat flux at D is ex- 
ceeded, as may happen in nuclear or 
electrical heating, the element tem- 
perature rises to point F, possibly re- 
sulting in burnout. For this reason the 
burnout heat flux is often regarded as 
synonomous with critical heat flux, 
mistakenly because other modes of 
burnout are possible. 

At point E on the boiling curve, 
with the onset of film boiling, the 


whole character of the boiling mechan- 
ism is changed. The heated surface is 
covered by a comparatively quiet film 
of vapour, from which large bubbies 
break away in an orderly manner with 
a regular frequency and at regular in- 
tervals. The heat is transferred through 
the vapour film by conduction, con- 
vection and radiation. As the heater 
temperature rises still further, radia- 
tion becomes predominant and _ the 
heat transfer rises to F and beyond. 
The main regions of interest of the 
boiling curve with respect to nuclear 
reactors are a. the nucleate boiling 
regime, where a boiling reactor may 
be expected to operate, b. the maxi- 
mum or critical heat flux because of 
its application to burnout, and c. the 
minimum heat flux and film boiling 
regime, because the heat transfer under 
these conditions determines the rate 
of rise of temperature of a fuel ele- 
ment when the critical temperature 
difference has been exceeded. 


NUCLEATE BOILING HEAT TRANSFER 
CORRELATIONS 

The most satisfactory explanation 
of the sudden increase in the coeffi- 
cient of heat transfer at the onset of 
nucleate boiling is the agitation set 
up by the bubbles in the boundary 
layer in contact with the heated sur- 
face. The growing bubble pushes 
superheated liquid into the bulk liquid 
and on detachment or collapse, draws 
colder liquid back again to fill the 
cavity so formed (3/) (figure 8). Alter- 
native explanations are that the bubble 
acts effectively as a roughness or that 
it carries latent heat into the bulk 
liquid, but these do not give quantita- 
tive agreement with the measured heat 
transfer, The well-established fact that 
the heat transfer is virtually indepen- 
dent of the degree of subcooling may 
also be explained by the bubble agita- 
tion hypothesis. The effect of sub- 
cooling is to decrease the period of 
the bubble cycle and the maximum 
radius attained before collapse, and 
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thus largely to cancei out the effect 
of the greater temperature gradient. 
Quantitatively, a 400% increase in sub- 
cooling produced only a 15% increase 
in the product of the parameters de- 
termining the heat transfer (3/). 
Important factors governing the heat 
transter in nucleate boiling are the 
bubble population, the frequency of 
bubble formation, and bubble dyna- 
mics. As depicted in figure 9, each of 
these factors is dependent upon the 
degree of superheat which is itself a 
function of the agitation and thus of 
the bubble population. Since the 
bubble population is strongly affected 
by the condition of the nucleating sur- 
face, the degree of superheat for a 
given heat flux is not an independent 
variable but is also strongly dependent 


60 (q/ A*=(T,,-T gat) exp (P/900) 
where q/ A = heat flux—10° x Btu/ft?h, 
P =pressure—psia, and T,,, T.,,=tem- 
perature of heated surface, and water 
saturation temperature—°F. 

The equation was derived from data 
covering a range of pressure 85-2500 
psia, mass velocity (0-08—7°6) x 10° Ib, 
ft?h, water temperature 300-600°F 
and heat fluxes up to 2°5~x 10° Btu 
ft?h. 

No velocity term was found neces- 
sary to correlate the experimental 
data. This may be explained by com- 
paring the role of velocity in single 
phase and boiling heat transfer. In the 
boiling case, the laminar region does 
not exist in the usual sense and the 
effect of velocity on the eddy diffu- 
sivity of the boundary region should 





The greatly enhanced heat transfer with nucleate 

boiling may be explained by the vapour-liquid ex- 

change mechanism, a. for detaching bubbles and 
b. for the growth-collapse cycle (Fig 8) 
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by cold liquid from the bulk 





upon the condition of the nucleating 
surface (/3). 

Many heat transfer correlations for 
the nucleate boiling regime have been 
proposed, but all can be reduced to 
the form 

Q/A x (Tw-T sat)" 
where q/A =the heat flux, T7,, = 
temperature of heated surface, and 
T.,¢ = Saturation temperature of the 
liquid. 

The value of (7,-T.q) is usually 
very small and, in consequence, the 
value of the exponent n is large. The 
actual value depends very strongly 
upon the condition of the nucleating 
surface, values as high as 24 having 
been reported in the literature (32). 
With prolonged boiling, i.e., with an 
‘aged’ surface, the value of the ex- 
ponent decreases and n = 24 is a 
more usual range of values. There is 
very little experimental data on the 
relation between n and the surface 
conditions. All that can be said is that, 
in so far as most correlations require 
a value of n between 2 and 4 to fit 
the experimental data, it would appear 
that most surfaces exhibit similar 
nucleating properties after prolonged 
boiling. 

For water. with forced convection 
and surface boiling to subcooled 
water, Jens and Lottes (33) have pro- 
posed the empirical correlation 
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be virtually negligible compared with 
the action of the bubbles in pumping 
liquid from the boundary layer into 
the bulk liquid. Nevertheless, one 
might expect velocity to have a slight 
effect on heat transfer, particularly at 
the lower heat transfer rates in the 
nucleate boiling regime where a de- 
pendence on the 0-17 power of velocity 
has, in fact, been reported (34). 

For liquids other than water, there 
is no correlation directly applicable to 
the reactor case, i.e. heat transfer to 
a liquid flowing in a vertical channel 
with surface or bulk boiling. Fortun- 
ately, more generalized correlations, 
bringing in the physical properties of 
the liquid and derived from pool boil- 
ing data saturation temperature, may 
be used. It is well established that, re- 
ferring to the heat flux versus wall 
temperature curve for heat transfer 
with forced convection to a subcooled 
liquid (figure 10), there is, for each 
value of velocity, a point P, on the 
curve such that for heat fluxes higher 
than P, the relation between heat flux 
and superheat (7',,-T 4) is essentially 
the same as for pool boiling and in- 
dependent of subcooling. P, corres- 
ponds to the value of heat flux where 
the single-phase forced convection heat 
transfer line, if produced, intersects the 
pool boiling correlation line. It has 
been shown that for a variety of 


liquids and velocities the ratio of the 
heat fluxes corresponding to points P, 
and P, is approximately 1-4 (3/). 

To calculate the wall temperature 
for a given set of conditions, the heat 
flux at P, may be calculated from the 
pool boiling and forced convection 
non-boiling correlations and thus the 
value at P,. Above this heat flux, a 
saturation temperature pool boiling 
correlation should be used ; below, an 
approximate value may be estimated 
either from the correlation of Poletav- 
kin and Shapkin (34), or, approxi- 
mately, probably to sufficient accur- 
acy for reactor applications, by 
graphical interpolation. 


Concept of dimensionless groups 
Many saturation temperature pool 
boiling correlations have been pro- 
posed, but the most successful and 
universal in application are those em- 
ploying the concept of dimensionless 
groups. Rohsenow (35), and later 
Forster and Zuber (7), used the rela- 
tion Nu, = f(Re,, Pr), similar to that 
familiar in single phase heat transfer. 
The bubble Nusselt and Reynold 
Numbers contain a_ characteristic 
length and velocity. Rohsenow took 
these as the maximum bubble dia- 
meter and the average mass velocity 
of vapour at the heated surface re- 
spectively, while Forster and Zuber 
took them as the instantaneous values 
of the bubble radius and radial velo- 
city, the product of which (Rdr/dz) 
would be constant as discussed in 
Part I last month. The physical inter- 
pretation of the difference between 
these two correlations is that the 
break-up of the boundary layer is 
assumed to be caused, in the Rohsenow 
correlation, by bubbles as they are 
about to leave the heated surface, and 
in the Forster-Zuber, by the expan- 
sion of the bubbles as they grow. 
More recently Forster and Greif 
(3/), again using dimensional analy- 
sis, have proposed two new correla- 


In nucleate boiling, heat transfer 

is governed by the population, fre- 

quency of formation, and dynamics 

of the bubbles, which in turn depend 

on the degree of superheat and 
agitation (Fig 9) 
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tions. The first is more accurate for 
each particular liquid, takes pressure 
into account, but contains an arbi- 
trary constant. The second, although 
less accurate, is more universal and 
fits a wide variety of liquids. 


correlation of Dengler (37, 38) in 
which the two-phase heat transfer co- 
efficient is correlated with the Martin- 
elli (23) parameter, X,,;, for two-phase 
turbulent flow. 

The position regarding nucleate 
boiling heat transfer in nuclear reac- 
tors may be summarized as follows: 
a. Usually no great accuracy is re- 
quired since the temperature of the 
fuel element would only be some tens 


heat transfer processes are well- 
known and predictable by establisied 
equations. For liquids, failure may 
occur because the coolant has been 
replaced by vapour, due to evapora- 
tion either in the vital region close to 
the wall or in the flow channel. Fro 
cesses which may lead to these condi- 
tions are a. total evaporation of ‘he 
coolant, 56. separated liquid and 
vapour flow, c. liquid deficiency in 
bulk boiling, and d. exceeding the 
critical heat flux. In reactor work, the 


Comparison of correlations 
Generally speaking, the correlations 

discussed bring in most of the same 

fluid and surface physical properties 


TABLE | Relative importance of parameters in five heat transfer correlations 








FORSTER- last of these processes is of greatest 

: ZUBER a importance and is the main subject of 

FORSTER- MODIFIED BY FORSTER- FORSTER- iin aenel A brief aeenal F 

ROHSE vOW ZUBER ROHSENOW’ GREIFI_ GREIF If is section. — aa & 

(35) (7) (36) (31) (31) the other modes of burnout is neces- 

degree of superheat, A7 3 1:24 2-1 1 sary because they may be involved 
excess vapour press, Ap 0-75 0-75 1-4 2 under certain circumstances. 

saturation temp, T sa: 0-4 1-25 ; . ste 

liquid thermal cond, k 5-1 0-79 8-55 0-87 0-8 ‘ ee ee pe 7 predic oe 

liquid specific heat, c 21 0-45 6°45 0-55 0-45 from the flow rate, the heat input, 

liquid viscosity, u 4-1 0-29 8-05 0-13 0-3 and the fluid properties. It may arise 

liquid density, p, (p —p,)° 0-49 1-35 0-4 0-5 in plant as a result of unstable flow, 

vapour density, Pe 0:24 flow reversal, sonic choking, or pum 

latent heat, 2 0-24 1-1 0-8 1-5 fail ? . é ied 

surface tension, @ 0-5 0-5 1-1 -0-8 1-5 ere —_ 
contact angle, B I 0-5 a 0-5 A flow of liquid and vapour may 


Heat flux is proportional to the product of the physical properties raised to 
the powers listed in the table 


but differ considerably in their rela- 
tive importance (table 1). This is par- 
ticularly true with regard to the value 
of the exponent n of the degree of 
superheat. Both the Forster-Zuber 
and the Forster-Greif correlations 
contain an excess pressure term which, 
to a first approximation, may be taken 
as proportional to the degree of 
superheat. 

Rohsenow has, however, pointed out 
that Forster and Zuber, in evaluating 
the empirical constants in their cor- 
relation, used critical heat flux data 
only. Re-evaluating these constants, 
using data obtained for the whole 
nucleate boiling regime, the value of n 
was increased from 2 to 2°85, in much 
closer agreement with his own value 
of 3 (discussion 36). Forster and Greif 
showed that, to a better approxima- 
tion, the excess pressure term in- 
creases more rapidly than the degree 
of superheat and that in their correla- 
tions the value of n increased from as 
low as 2:1 up to at least 3°5. 

Thus it may be seen that there is 
considerable discrepancy between the 
various correlations and this may be 
partly attributed to the difficulty of 
obtaining accurate experimental data 
in the nucleate boiling regime. How- 
ever, in that the correlations were 
derived from similar experimental 
data, the values of heat flux calcula- 
ted from any of them should not be 
very different for conditions similar 
to those of the original experiment. 

No allowance can be made in any 
of these correlations for the pattern 
of two phase flow in pipes. Perhaps 
the nearest approach to this is in the 
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of degrees above the prevailing sat- 
uration temperature. 
b. For water, the Jens and Lottes 
equation may be used. It includes a 
pressure term, derived from experi- 
mental data up to 2500 psi. Terms for 
subcooling and forced convection 
velocity do not appear as their effect 
is small. The equation is simple in 
form and suited to computer use. 
c. For other fluids, different correla- 
tions must be used. The effect of 
velocity and _ subcooling, although 
small, may be taken into account for 
low heat fluxes by the method sug- 
gested by Forster and Greif. At 
higher heat fluxes, one of the satura- 
tion temperature pool boiling correla- 
tions may be used. There are many 
of these and with the limited evidence 
available it is not possible to say 
which would be the most reliable for 
a new set of conditions. However, 
although they differ on the relative 
importance of the fluid and surface 
properties, they are in limited agree- 
ment that the heat flux is proportional 
to (T,, — Tsa:)" Where n is between 2 
and 4. This value of n seems to be 
generally valid for surfaces aged by 
continuous boiling although much 
higher values are possible for newly 
prepared ones. 
BURNOUT 

On safety and plant reliability 
grounds overheating of the fuel, or 
burnout, is a serious limitation com- 
mon to all nuclear reactors. For gas 
coolants it represents the inability of 
radiation, fluid, and eddy conductiv- 
ity, processes to keep the element 
temperature below failure point. These 


become completely separated in a 
horizontal or inclined channel by 
gravity and burnout may then occur 
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Typical heat transfer curves for 
forced convection, with and with- 
out nucleate boiling (Fig 10) 


in the vapour region. Normally, 
liquid-cooled reactor channels are ver- 
tical, although ship reactors may be 
subjected to listing or rolling. How- 
ever, for bulk boiling no difference 
in burnout heat flux was detected ex- 
perimentally between vertical chan- 
nels and channels inclined at an angle 
of 45° to the horizontal, other con- 
ditions remaining the same (39). 

For the case of liquid deficiency. 
burnout is probably associated more 
with a change in the flow pattern of 
the two-phase mixture. In annular 
(climbing film) flow, the liquid phase 
exists principally as a stable film on 
the channel walls. The conditions for 
the removal of the liquid film are re- 
lated to the pressure, vapour velocity. 
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the film thickness, evaporation rate, 
inclination of the channel and surface 
conditions. 


There has been no attempt to cor- 
relate burnout heat flux with flow 
regime although a certain amount of 
work has been done on the heat trans- 
fer side, For an air-water mixture, the 
heat transfer coefficient was found to 
vary with volumetric ratio as shown 
in figure 11. The large changes in 
slope were associated with changes in 





Heat transfer to a two-phase, air- 

water mixture depends on the air- 

water volumetric ratio and the 
liquid mass velocity (Fig 11) 


flow pattern, the maximum heat trans- 
fer coeflicient occurring at the tran- 
sition from slug to annular flow (40). 

For a steam-water mixture at low 
pressures and with constant mass 
velocity, both heat transfer coeffi- 
cient (4/) and burnout heat flux 
(42) increase with steam quality, 
reaching a maximum at a quality de- 
pendent upon the mass velocity, and 
finally decreasing to a very low value 
at 100° steam quality. This result, 
which at first sight may appear sur- 
prising, is probably accounted for by 
the large volumetric expansion of the 
steam on evaporation causing an in- 
creased water velocity with perhaps a 
change in flow pattern (fig. 12). At 
high pressures the burnout heat flux 
decreases monotonically with increas- 
ing steam quality (39, 42). 

Critical heat flux has already been 
introduced and although it is perhaps 
the most important in the reactor con- 
text, it should be emphasized once 
again that it is only one form of 
many burnout variants. 

In reactor applications, the burnout 
data of interest, depending upon the 
type of reactor, are those relating to 
flow in vertical channels at a sub- 
cooled or saturation temperature. 


BURNOUT CORRELATIONS 

For subcooled water flowing up- 
wards through vertical channels, Jens 
and Lottes (33) examined a consider- 
able amount of experimental data and 
proposed the following relation be- 
tween burnout heat flux, mass velo- 
city, subcooling, and system pressure : 

(q A)po = CG (T .¢:-T »)"*” 

where (q/A),, = burnout heat flux 
(10°Btu / ft*h) 
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G mass velocity 
(10*1b / ft?h) 
T ..4, 7) = saturation and bulk 


water at the point of 
burnout (°F) 

C,m = constants dependent 
upon pressure, given 
in the table below 








PRESSURE (psi) m e 
500 0-16 | 817 
1000 | 0-275 | 0-626 
2000 | 0-500 | 0-445 





The equation was derived from data 
obtained for a 24°6 in. long, 0:226 in. 
i.d. round tube under the following 
conditions: pressure 500-2000 psia, 
subcooling 5:5-163°F, mass velocity 
(0-°96—7°8) x 10%lb/ft?h, The overall 
deviation of the measured burnout 
heat flux from the correlation value 
was +18%, —O2. 

An equation, similar in form and 
obtained under fairly similar condi- 
tions, was later proposed (43) for the 
pressure range 2000-3200 psia: 

q/A = CGT sa - Tp)" 
where C is proportional to (l-py, 
p.)'* and p,. py are the water and 
steam densities at the saturation tem- 
perature. 


Bulk boiling 


These equations are clearly invalid 
at zero subcooling, i.e. for bulk boil- 
ing, where the predicted burnout heat 
flux would be zero according to the 
equation. Further work by the West- 
inghouse Atomic Power Division on 
burnout in the bulk boiling region 
resulted in a modified equation, with 
the burnout heat flux a function of 
mass velocity and bulk water en- 
thalpy instead of subcooling (39). 
Later, a correlation factor was added 
to take account of the length to 
diameter ratio of the heated channel 
(L/D effect), and the inlet tempera- 
ture (44). Thé final correlations pro- 
posed for the equivalent enthalpy 
range 20°F subcooling to 100% steam 
quality, and at a pressure of 2000 psia, 
were either 

a. (q/A)z, 0°60 F,. (G)°* (H)*'s 
or b. (q A) xo 0°30 F.(Hy*° 
where H (in 10* Btu/Ib) is the bulk 
enthalpy at the point of burnout, 
(q/A),, and G as before, and F,. (<1) 
2 dimensionless correlation factor. 
The burnout heat flux to be taken 
was the lower value calculated from 
equations a. and b. It was further 
recommended that at 2000 psi pres- 
sure and for more than 20°F sub- 
cooling at the burnout point, the Jens 
and Lottes equation should be used 
but modified by the inclusion of the 
same correlation factor F, to reduce 


the predicted burnout heat flux. Burn- 
out heat fluxes, calculated from these 
equations, are shown in figure 13. Ex- 
periments at lower pressures showed 
that the burnout heat flux at 830 psia 
was approximately the same as at 
2000 psia for equivalent fluid condi- 
tions at the burnout point, but was 
about 30% greater at 1215 psia (45). 

It must be emphasized that these 
are design equations and fulfil a very 
different function from normal corre- 
lation equations giving the best fit of 
the experimental results. They are 
aimed at giving a conservative esti- 
mate of the burnout heat flux and are 
thus based upon the lowest burnout 
values obtained experimentally for 
each set of conditions. On the other 
hand, when finding the best fit of an 
equation to a set of burnout data to 
determine the critical heat flux, some 
of the lowest values obtained may be 
legitimately discarded because of the 
lack of reproducibility through insta- 
bility or some other cause. 





Variation of burnout heat 
flux with exit steam quality 
for water. In both curves, 
pressure = 26 atm, flow velo- 
city = 850 kg/m?sec (Fig 12) 


The Westinghouse equations were 
based on a large number of results 
and represented a variety of condi- 
tions—nuclear and electrical d.c. heat- 
ing; uniform and cosine heat flux 
distribution along the test section; 
round and rectangular cross-section 
channels of zircaloy, nickel, and stain- 
less steel; vertical and inclined test 
sections ; up-flow and down-flow with 
mass velocities from (0°02—-4°8) x 10° 
lb/ft?h, and bulk enthalpies at the 
burnout point equivalent to 70°F sub- 
cooling to 100% steam quality. These 
results have been published separately 
(46) and summarized at various con- 
ferences (45, 47). Briefly, it was found 
that apart from the effect of mass 
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Combination of Jens and Lottes, and 


Westinghouse, burnout correla- 

tions for water in tube-flow at 

2000 psia as recommended by the 

Bettis sub-committee (Fig 13) 

velocity and enthalpy, there was no 
significant difference in burnout re- 
sults for this range of conditions ex- 
cept that burnout occurred at a higher 
heat flux, a. for rectangular channels 
than for round tubes (48), and b, for 
nuclear heating than for electrical, 
although the latter was by no means 
conclusive. 


Effect of the L/D ratio 

Two other empirical correlations 
have been suggested by the Westing- 
house group, one by Sonneman (49) 
and the other at the 1958 Geneva 
Conference (48). In the latter, the 
form of the equation is slightly differ- 
ent and the correlation factor F, has 
been replaced by an exponential term 
to allow for the heated channel 
length-to-diameter ratio. Other cor- 
relations applicable to burnout to sub- 
cooled water are those of Bernath (50) 
and Griffith (5/) but they have only 
been tested for a limited amount of 
experimental data. They include no 
term to allow for the L/D effect: 
indeed Bernath has denied its exist- 
ence (discussion 47). 

The effect of the L/D ratio on the 
burnout heat flux is a factor which 
needs careful study as to the mechan- 
ism involved. Burnout is essentially 
a local phenomenon and one would 
expect it to be determined solely by 
the conditions at the point of burnout 
and thus to be independent of the 
length of the tube. However, it was 
found that the burnout heat flux for 
the same local fluid conditions at the 
point of burnout was more than 
halved by increasing the L/D ratio 
from about 65 to 300 (44). This re- 
duction of the burnout heat flux im- 


100 


poses a_ limitation 
water reactor design. 
Two possible explanations of the 
effect are put forward here: * bubble 
sliding ’ and instability. In the former 
explanation, which on the face of it 
appears less likely, it is suggested that 
bubbles formed upstream slide along 
the tube wall to the burnout point 
causing the blanketing of the heated 
surface (or possibly a change in flow 
pattern in bulk boiling) at a lower 
heat flux than would otherwise have 
been obtained. This bubble sliding has, 
in fact, been observed in subcooled 
water (5) but considering the small 
size of the bubbles, one would expect 
that if this were the true explanation, 
the relaxation length for the L/D 
effect would be, at most, a few bubble 
diameters. The burnout heat flux 
should then be unchanged for lengths 
greater than an inch or two instead of 
still varying after two feet. 
Alternatively, flow instability may 
account for the observed results, If 
burnout were immediately preceded 
by a sudden reduction in flow, result- 
ing from the way in which the vapour 
was being formed, burnout would 
atually take place at a lower flowrate 
than the measuring instruments in- 
dicated. Although this effect was 
looked for without success (39), its 
detection would be dependent upon 
instrument response time. If the re- 
duction in flow took place too rapidly 
to be detected, this might be the 
reason for the L/D effect. Thus, in a 
heat transfer loop containing a con- 
stant-head pump and test section and 
with the flow controlled by a throttle 
valve, the pressure drop across the 
test section for a given flowrate would 
be a greater proportion of the whole 
if a long narrow tube were used 
rather than a short wide one and the 
system would thus be potentially less 
stable. The reduction in flow would 
be correspondingly greater as the L/D 
ratio was increased and _ burnout 
would occur at a lower heat flux. 
Consideration of the experimental 
evidence (45) gives no_ indication 
which—if indeed either—of the two 
explanations is correct. In addition, 
since only a limited range of dia- 
meters was taken there is very little 
evidence that the effect was due to 
L/D rather than L alone. A better 
understanding of this phenomenon, 
leading to methods of raising the 
burnout heat flux for long channels, 
would be valuable in reactor design. 
It must be emphasized that burn- 
out, not critical, heat flux was meas- 
ured in the experiments (45), although 
the general conclusions reached are 
not thereby invalidated. Results were 
obtained using a burnout detector, a 


on pressurized 


device for saving the test section 5y 
cutting the electrical power just pr or 
to actual rupture. This, altho zh 
giving conservative estimates of 4e 
critical heat flux, would inevita \ly 
add to the error and scatter in “he 
results. In later experiments the -e- 
tector was arranged to operate bef«re 
the critical heat flux was reached, at 
the upper end of the nucleate boiling 
regime (52) (i.e. point C in figure 7). 


Empirical relation only 

These burnout correlations ior 
water flowing in vertical channels are 
purely empirical and for that reason 
their usefulness is limited to the set 
of conditions from which they were 
obtained. As far as the present trend 
of reactor design is concerned, they 
are valuable because the experiments 
formed part of a reactor programme 
and hence the geometry and operat- 
ing conditions are particularly rele- 
vant. There is, however, a very great 
need to obtain a sounder theoretical 
basis for the burnout correlations. 
For operation with different fluids, 
e.g. organic liquids, or for very differ- 
ent geometries, the empirical Westing- 
house correlations would not be ap- 
plicable 

Pool boiling results are more 
readily adapted to providing a theo- 
retical basis because of the compara- 
tive ease with which the operating 
conditions can be changed and ob- 
served. In pool boiling experiments at 
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Critical heat flux in saturation pool 
boiling reaches a maximum at about 
4 of the critical pressure (Fig 14) 


heat flux for water and a number of 
organic liquids has been found to 
vary with pressure, reaching a maxi- 
mum in all cases at approximately 
one-third of the critical pressure. 
Cichelli and Bonilla (53) found that, 
plotting maximum heat flux divided 
by critical pressure against reduced 
pressure, a single curve correlated the 
experimental data for a variety of 
organic liquids. Later work by Kaza- 
kova (54) and Lukomskii (55) showed 
that virtually the same curve may be 
used to correlate water data as well. 
This is illustrated in figure 14 where 
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the results of the two Russian work- 
ers are compared with the values cal- 
culated for water from the correlation 
of Cichelli and Bonilla, A_ similar 
variation of critical heat flux with 
pressure has also been found for 
water flowing in vertical channels 
(33, 45). 

Various empirical correlations of 
burnout data obtained from pool boil- 
ing results have been proposed. Per- 
haps one of the more successful of 
these, and applicable to a variety of 
organic liquids as well as to water, is 
that of Rohsenow and Griffith (56). 
Their correlation was derived from a 
semi-theoretical analysis considering 
bubble diameter and surface coverage, 
the value of the constants being de- 
termined empirically. The equation 
proposed was 


(q/A)po PL-Pe ie 
— = 143] ————- | ft/h 
A Pov Po 


where (q/A)z, = burnout heat flux, 
\=latent heat, and p,. p, = densities 
of liquid and vapour. 

This correlation was extended by 
Griffith (5/), to take into account the 
effect of velocity and subcooling. The 
final equation obtained was compara- 
tively complicated and contained a 
sum of terms in velocity, subcooling, 
and a product of the two. 


Theoretical approach 

A correlation, similar in form to 
that of Griffith, was developed by 
Zuber and Tribus (/3) from a purely 
theoretical approach. Taking as their 
model the concept, already described, 
of vapour columns rising from the 
heated surface with down-jets of 
liquid between, they analysed the hy- 
drodynamic stability of the interface 
between the liquid and vapour. A 
critical wavelength was obtained cor- 
responding to the break-up of the 
vapour columns into drops, i.e. to the 
change from transition-film to nu- 
Cleate boiling. Tacitly assuming that 
this took place at the critical heat flux 
(i.e, at D rather than C in figure 7), 
they obtained correlations for the 
cases of both saturation temperature 
pool boiling and subcooled pipe-flow. 
The final equation for the former case 
was similar to one proposed previ- 
ously by Kutateladze (57). Although 
one may disagree with many of the 
assumptions in the theory as it is put 
forward, consideration of the hydro- 
dynamic stability of the system would 
appear to be a fruitful approach to 
the problem. 

For predicting the burnout heat 
flux in organic liquid-cooled reactors 
the only general correlation available 
at present is the one of Griffith (5/). 


NUCLEAR POWER March 1959 


This was based upon data obtained 
for water, benzene, heptane, and pen- 
tane; its overall accuracy was +33%. 
As a design equation it should be 
used with caution since in determin- 
ing the empirical constants some of 
the lowest burnout values were dis- 
carded because of suspected instability 
or for other reasons. No allowance 
was made for any L/D effect which, 
as previously discussed, may _ be 
another manifestation of instability. 
For polyphenyl liquids, Core and Sato 
(58) tested the correlation for diphenyl 
and found that the measured values 
of burnout heat flux were much lower 
than the predicted values. More ac- 
curate empirical correlations for di- 
phenyl and Santowax R, applicable 
only over a limited range of variables, 
were suggested : 
Diphenyl: (q/A)z, = 
454 (T a4 — T,)V°'®* + 116,000 
Santowax R: (q/A)z, = 

552 (Teae — Ty) V°®" + 152,000 
where, as before, (q/A),z, = burnout 
heat flux in Btu/ft*h, (7,,,-T,) = the 
degree of subcooling of the liquid at 
the point of burnout in °F, V = liquid 
velocity in ft/s. 


Limitation on reactor design 

The magnitude of the burnout heat 
flux may impose a severe limitation on 
reactor design. In an emergency, such 
as a power surge or coolant pump 
failure, the maximum ‘ scram-delay 
time’ before safety rods or some other 
device must shut the reactor down 
may be largely determined by the 
burnout heat flux. After shut-down, 
the heat flux from fission product de- 
cay must also be taken into account. 
Many methods of increasing the burn- 
out heat flux, some of which may well 
have reactor applications, are actively 
being considered, These include the 
effect of additives (59), finning, or 
spikes, to change the hydrodynamic 
stability of the system—the spacing 
related perhaps to the Zuber critical 
wave length, transient effects e.g., heat 
flux pulsing, vibration, and ultrasonics, 
and centrifugal flow—a burnout heat 
flux of 54°8 x 10° Btu/ft?h ie. 1700 
watts/cm?, has already been obtained 
by this method (60). 

A factor which should not be over- 
looked is the value of g, the gravita- 
tional constant. In the theoretical 
burnout relations of Kutateladze (57) 
and Zuber (/3), the critical heat flux 
is proportional to gt and although 
this is of course constant for land 
based reactors its effect may be signi- 
ficant in a ship reactor, or in rocket 
applications. 

The position with regard to burnout 
in nuclear reactors may be summarized 
as follows: 


a. The Jens and Lottes, and the West- 
inghouse equations, are useful for de- 
sign calculations for pressurized and 
boiling water reactors as currently en- 
visaged. The correlations are empirical 
in nature and are therefore only 
applicable to the set of conditions for 
which they were determined. 

b. A correlation factor has been added 
to them to allow for the apparent re- 
duction of heat flux with increasing 
length of heated channel. More work 
is required to explain why such a geo- 
metrical effect should exist and a 
method may then be found for in- 
creasing the burnout heat flux, thus 
raising the margin of safety in reactors. 
c. Other methods for raising the burn- 
out heat flux are currently being in- 
vestigated. 

d. For burnout to other fluids, sub- 
cooled and flowing in vertical chan- 
nels, the only general correlation is 
that of Griffith. Such a correlation is 
particularly required for organic liquid 
cooled reactors, It has not yet been 
tested for a wide variety of liquids but 
has been found to be over-optimistic 
for diphenyl. Consequently, it is not 
recommended for use with the poly- 
phenyl class of organic coolants for 
which, over a limited range of vari- 
ables, the correlations of Core and 
Sato may be more accurate. 


FILM BOILING 

Information regarding heat trans- 
fer and steam voidage in the transi- 
tion film and film boiling regimes may 
be required for nuclear reactor safety 
considerations. It has been suggested 
that heat fluxes in excess of the burn- 
out value could be permitted in a PWR, 
with consequent easing of other design 
safety limitations, provided that the 
temperature excursion of the fuel ele- 
ment was small enough to do no 
damage (44). In the event of the burn- 
out heat flux being exceeded, the de- 
gree of danger involved, i.e. whether 
the fuel element would be vaporized, 
burst or undamaged, would depend 
upon the effect of steam voidage on 
reactivity and the proportion of the 
heat flux still transferred to the water. 

At present, no precise experimental 
data are available which can be re- 
garded as being directly applicable, 
except perhaps for the BORAX (6/) ex- 
periments, some work at atmospheric 
pressure described by Untermyer (62), 
and the film boiling correlations pro- 
posed by Bromley (63). In the general 
case the transients involved can only 
be calculated by making drastic 
assumptions and although there have 
been several attempts (64, 65) at this 
problem none can be regarded as 
wholly satisfactory. 


Acknowledgements and references are on p. 118. 
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Since the original processes at Springfields 


were described in Nuclear Power three years 


ago new plants have been built covering the 


whole process of fuel element manufacture 


Fuel element manufacture 
at the U.K.A.E.A. factory 


by JOHN WOODESON BSc(Eng) 


Deputy Editor, NUCLEAR POWER 


IT IS JUST ten years since the produc- 
the first uranium rod at the 
Atomic Energy Authority's Springfields 
plant marked the real beginning of 
Britain’s energy programme. 
Since then the original plant, hurriedly 
constructed for batch processes scaled 
straight up from the laboratory, has 
worked amazingly well, fulfilling its 
double function of producing uranium 
hexafluoride for enrichment at the 
Capenhurst diffusion plant and making 
all the natural uranium fuel elements 
used in the reactor programme. How- 
ever its replacement was only a matter 
of time. Plants more suitable for con- 
tinuous production are now being com- 
pleted, and NUCLEAR POWER was recently 
invited to go over them in the first press 
visit ever held at Springfields. The new 
plants will cover all stages of fuel ele- 
ment manufacture for the AEA and 
Central Electricity Generating Board 
plants, as well as providing for any 
future export orders, and as they are 


tion of 


nuclear 


In these mixer-settler tanks the uranyl 


finished the original plants will be gra- 
dually taken out of commission. No new 
plant for hexafluoride production is con- 
templated. Future plans for Springfields 
include research on canning with new 
materials such as beryllium and work 
with slightly enriched uranium (2C, 
materiai is already being used). 
CONCENTRATE TO TETRAFLUORIDE 
The first stages in the new pro- 
cess have been simplified by using 
concentrate (containing 60-70% uran- 
ium oxide) from which the mined im- 
purities and any valuable materials 
(e.g. radium) have been removed. This 
has replaced pitchblende as the raw 
material and special gamma _ protec- 
tive measures against radon are no 
longer needed. It is sent from Canada, 
Australia and South Africa in drums 
as powder—though the South African 
particle size is much larger than the 
other two—and delivered to the ore 
storage area at the north end of the 


nitrate dissolves in the TBP solvent 


while the impurities remain in the aqueous solution 
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IN A NUTSHELL 


Raw material U-ore concentra‘: 


Products (1) uranium he«a- 
fluoride 
(2) natural uraniom 
fuel elements 

Cost Original plant £/5 


1 
New plant = £h12 
Area 218 acres 
Employees 2750 


Present size 


Output of 

fuel elements | million to Feb 59 

Dates First rods produced 
Feb 1948 TBP plant 
completed July 1956 
Switch magnesium 
reduction April 1957 
New machine shop 





commissioned June 
1958 
No | 


new canning 
line completed Feb 
1959 





plant. If at any time the starting 
material changes, the AEA plans to 
give it a separate pretreatment to con- 
vert it to the approximate composi- 
tion of the concentrate. 

When required the drums are taken 
up by lift to the tipping area. Some 
are sampled by removing the lids and 
bringing them up under a static samp- 
ling tube which bores through the 
concentrate, the number thus sam- 
pled depending on the Authority’s 
contract with the supplier. The drums 
then pass into a totally enclosed tip- 
ping cubicle where the concentrate is 
poured into a hopper with a screw 
feed to the dissolvers on the floor 
below. It is manned by a single 
operator using two levers: one moves 
the drum over the hopper and _ the 
other controls the tilting. Air is con- 
tinuously extracted from the cubicle 
and passed through the filter system 
so that the amount of dust which 
could escape when the door is opened 
is kept to a minimum. 


Nitrate purification 

In the dissolvers—large stainless steel 
tanks fitted with steam heating coils 
and stirrers—the concentrate is dis- 
solved in nitric acid, and the solution, 
after cooling, is fed to Stockdale En- 
gineering Co rotary filters. These con- 
sist of large rotating horizontal drums 
of fine mesh continuously evacuated 
from the inside. The lowest part of 
the drum dips into the slurry from 
the dissolvers and the solution of 
uranyl nitrate is sucked through the 
mesh while the solid impurities are 
collected on it and then continuously 
scraped off on a knife edge, forming 
a cake which consists mostly of silica. 
This is reslurried and passed to a 
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= THE FINAL FLOWSHEET 
ata nitric acid TBP in weak nitric 
kerosene acid 
‘ 
Wom al steas ‘ eeiary. mixer —" Folge! 
| : rate issolver vacuu af > 
tos uranyl) sitters settlers uranyl™| ining” 
M51 nitrate nitrate 
; ’ slurry in TBP 
M12 Y 
solid dissolved TBP 
impurities impurities 
(in water) 
b 59 —- 
uced hydrogen hydrofluoric 
lant acid hexafluoride 
a plant 
1956 ; 
sium purified uranyl steam furnace furnace furnace i 
1957 nitrate in water evaporator | concentrated | reactor [uranium reactor [uranium | reactor 
| uranyl trioxide dioxide 
sNOp nitrate | 
June 
n oxides of nitrogen steam to scrub- 
ing to recovery plant bing plant 
Feb 
— magnesium turnings 
tir uranium automatic . resistance Leh Weebl 
ting tetrafluoride weighing eet dries one vesumne tf 
s to powder and mixing press pellets of argon uranium furnace 
= machine uranium atmosphere) metal 
aee4 tetrafluoride billets 
0SI- and magnesium Yy 
magnesium fluoride 
iken slag 
ome ~< 
and 
mp- MACHINE SHOP CANNING LINE 
the 1 insert rod into can 
am- 1 straighten and clean rods 2 fit screw caps 
4 2. face, cut hanging groove 3 weld one end cup (in argon-arc), evacuate, 
ity's and stamp number fill with helium and weld second-end cup 
ums 3 heat and beta—quench 4 pressurize with oil at 10,000 psi and 250°C 
t 4 straighten 5  degrease in trichlorethylene solution 
ip- 5  alpha-anneal in argon furnace 6 anneal in resistance furnace 
le Is | uranium rods tr 6 cut to size on centreless - 7 X-ray 
ew bar turner ; 8 leak test with mass spectrometer 
isha 7 cut anti-rachetting grooves 9 correct fin distortion 
loor 86 face and renumber 10 spot-weld braces and end pieces 
ngle 11 decontaminate in ultrasonic cleaner 
oves 12 seal in polythene bag 
the 
>0n- 
icle 
tem —— - —— 
hich THE ORIGINAL PROCESSES 
ned ®@ Pitchblende to oxide The ore was ammonia precipitated ammonium diuran- high frequency vacuum furnaces of the 
tipped into crushers remotely and then ate, which was filtered and stacked in stationary crucible type. Elements for the 
converted to a slurry by mixing with trays for conversion into tetrafluoride now finished Windscale reactors were 
water in a ball mill. The slurry was in one of the 54 furnaces of the Dryway made in this way and also those for 
steel fed to a heated stainless steel tank along _ plant. Calder Hall and Chapelcross. 
oils with nitric and sulphuric acid which @ Tetrafluoride to metal Calcium chips @ Canning plant (still operating) This 
dis- dissolved the uranium and left'the bulk were added to drums of tetrafluoride in is not laid out as a continuous line; for 
on, of the impurities—including the radium an enclosed cabinet and the contents example the welding installations (semi- 
En- —in suspension, After pumping through mixed under an argon blanket by rumb- automatic) and evacuation and helium 
uudl filters the uranium was precipitated as Jing the drum before loading into a cru- _ filling devices are separate. The sequence 
ums a crude peroxide on filter presses by the ible lined with calcium fluoride. The is: first screw cap fitted, one end cup 
ated addition of hydrogen peroxide. crucible was sealed in a firing chamber welded, bar inserted, second cap fitted, 
t of @ Oxide to pure nitrate The peroxide and the reaction initiated by dropping ‘element evacuated and filled with helium, 
7 was redissolved in warm nitric acid, jn an ignited pellet of potassium nitrate ‘second end cup welded. The element is 
ol evaporated under reduced pressure until and lactose mixture. Sufficient heat was pressurized in an autoclave under carbon 
the it reached the composition of uranyl generated to melt the uranium produced, -dioxide at 350 psi and 500°C, and leak 
vers nitrate hexahydrate, filtered through fine which sank into a cavity, forming a tested with a mass spectrometer; clean- 
usly gauze and purified by a single stage sol- cylindrical billet, with a thick layer of ‘ing and correction of fin distortion is 
ning vent extraction process using ether. calcium fluoride slag on top. Casting of carried out in a small rotating brush 
lica. ® Nitrate to tetrafluoride Addition of rods was carried out in bottom pouring machine fitted with a steel comb. 
Oa 
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The 
nitric acid 
fitted with heating coils and stirrers 


concentrate is dissolved in 


in stainless steel tanks 


second similar filter to ensure that all 
traces of uranium are removed, and 
then dumped. 

The uranyl nitrate solution then con- 
tains only dissolved impurities, which 
are removed by solvent extraction 
with a solution of tributyl phosphate 
(TBP) in odourless kerosene in 16 
mixer-settler tanks arranged in cas 
cade. As this part of the process is 
fully automatic the units are placed 
in the open. After mixing in the tanks 
the water with dissolved impurities 
settles below the TBP solvent, but 
because of its greater solubility in 
TBP, the uranyl nitrate collects in the 
solvent phase on top. From a settler 
section the solvent flows forwards to 
the next mixer unit while the water 
and impurities drain back to the pre- 
vious mixer section, In this way the 
uranyl nitrate can be almost com- 
pletely removed from the aqueous 
phase. At the top of the plant the 
TBP emerges containing the uranyl 
nitrate in solution, passes through a 
heating unit, and the uranyl nitrate 
is washed out of the solvent by a 
weak nitric acid solution and pumped 
to storage tanks. 


Conversion to tetrafluoride 

This part of the plant, still under 
construction, will employ fluidized 
bed methods, replacing the old * Dry- 
way ’ plant (/), which works from am- 
monium diuranate precipitated by 
adding ammonia to the uranyl nitrate. 
By using nitrate direct, and cutting 
out the diuranate, which has to be 
hand loaded on to graphite trays for 
the furnaces, the new plant will be 
much more suitable for continuous 
large-scale production. Uranyl nitrate 
will be boiled by means of steam in 
an evaporator to reduce it to a thick 
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syrupy concentrate and sprayed into 
the first of three interconnected fur- 
nace reactors. In the first it will be 
heated and decomposed to uranium 
trioxide, in the second hydrogen will 
reduce the trioxide to dioxide, and in 
the third hydrofluoric acid will react 
with the dioxide to give uranium 
tetrafluoride powder. In the Dryway 
plant diuranate is converted to tri- 
oxide, dioxide and tetrafluoride in the 
same reactor, which has a series of 
connexions to the hydrogen and hydro- 
fluoric acid supplies. Various oxides 
of nitrogen will be produced with the 
uranium trioxide in the fluidized bed 
plant, and nitric acid will be recovered 
for re-use by means of a large fume 
absorption unit. Manufactured by 
Burnett and Rolfe under subcontract 
from Kellogg International, it includes 
six 40 ft high 6 ft dia stainless steel ab- 
sorption towers packed with ceramic 
rashig rings, which with associated 
coolers and condensers occupies an 
area of about 1500 sq ft. In the second 
and third furnaces contaminated water 
vapour produced will be passed 
through filters and scrubbing units 
before rclease. 


REDUCTION TO METAL 

To remove the fluoride atoms mag- 
nesium turnings are now used — a 
cheaper reducing agent than the cal- 
cium of the original process(/), though 
considerable development work was 
necessary before the present technique 
was perfected. The uranium tetra- 
fluoride powder and magnesium turn- 
ings are delivered from overhead 
storage hoppers by gravity to an 
AEA-designed automatic weighing and 
mixing installation built by George 

When the reaction has taken place, 


reducing the magnesium and ura- 
nium tetrafluoride to a uranium 


billet and slag, the reactor is lifted 
from the furnace and moved to the 
cooling bay on the right 





Driver & Son and William Garcner 
& Son (Gloucester) respectively. “he 
mixed constituents pass down a 
chute to a Fielding and Platt pe ‘et- 
ting press—also automatic—whict is 
synchronized with the mixing mac! ine 
and ejects the 3 kg pellets on to a 
transfer mechanism. This marshzlls 
them into groups and discharges them 
to a conveyor moving to the reduction 
plant. 

Here they are stacked inside graph- 
ite sleeves in a stainless steel furnace 
reactor measuring about 12 ft long » 
3 ft dia. This is moved into the ad- 
jacent furnace bay and lowered into 
one of the General Electric Co re- 
sistance furnaces in which the reduc- 
tion reaction takes place in argon at 
atmospheric pressure to produce mol- 
ten uranium and magnesium fluoride 
slag. Each furnace is equipped with 


a Honeywell temperature recorder 
and the maximum value reached is 
about 925° C. From the furnace the 


red-hot reactor is carried by a 5-ton 
gantry crane to the nearby cooling 
bay and lowered into one of the cham- 
bers. After cooling the reactor is 
brought back, dismantled, and the 
slag, together with the uranium billet 
in the catchpot at the bottom, are re- 
moved. The 200 kg billets, about 9 in. 
long and 10 in. dia, are sent toa clean- 
ing section, and then sampled and 
numbered. 


Vacuum casting 

The first step in making fuel ele- 
ments is to melt the uranium billets 
and cast them into rods of the re- 


quired size. This is carried out in one 
of 8 Metro-Vick high-frequency in- 





An assembly of moulds is moved 

into one of the vacuum casting 

furnaces used to melt the billets 
duction furnaces, arranged in two 
lines each supplied by 150 kW 
motor-generator set. The temperature 
is recorded on Kent instruments with 
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a maximum reading of 1600° C in 
front of each furnace. The 500 kg 
charge, made up of billets plus pieces 
of previous casting headers and re- 
jected rods, is packed in a graphite 
crucible for placing in the furnace; a 
water-cooled vacuum bell is fitted on 
top and the casting is carried out 
under fairly high vacuum to avoid 
solid and gaseous impurities in the 
cast. The method used is to pour a 
complete melt at once by removing a 
spigot in the base of the furnace; the 
metal then runs into a graphite header 





In the machine shop a uranium rod 
is removed from the beta quench 
apparatus 

which feeds a cylindrical assembly of 
graphite-lined, stainless steel moulds 
mounted on a _ bogie. About 30 
moulds are used, but the exact num- 
ber depends on the length of fuel 
element required. The mould assem- 
bly is wheeled out, cooled and dis- 
mantled, and the rods taken into a 
bond store, each cast being kept 
separate, The crucibles are prepared 
for re-use by means of a cleaning 
furnace (Metalectric Furnaces). 


MACHINING THE RODS 

The main problems in machining are 
the length of the rods (up to 42 in.) 
and the tendency of the grain to 
grow (2); straightening operations are 
therefore included as well as heat 
treatment designed to produce a satis- 
factory metallurgical condition to 
minimize distortion during irradiation. 
This is, broadly, a small randomly 
Orientated grain size. Conventional 
machine tools like standard lathes or 
centreless turners are used, the only 
special precautions being the pro- 
vision of an exhaust system away 
from the operator, and a copious 
supply of coolant to prevent the swarf 
igniting and to minimize the risk of 
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particles escaping into the atmos- 
phere. The turnings are collected, 
cleaned and added to subsequent 
casting charges. 

The first machine, a Farmer Norton 
reeler, straightens and cleans the rods 
before passing them to a specially- 
designed BSA Hiiller machine which 
faces the rods to slightly more than 
the required length, cuts a hanging 
groove near one end for support in 
later operations and stamps on a 
serial number. The sequence is semi- 
automatic at present but the Author- 
ity intends to develop full automatic 
operation with pickups transferring 
the rods from the first to the second 
machine and then to a Paterson 
Hughes overhead conveyor. This takes 
them to the top of a beta-quench ap- 
paratus designed in conjunction with 
A. C. Wilson Ltd, where they are 
fed vertically downwards one at a 
time through three 10 kc/s heating 
coils supplied by one 150 kW genera- 
tor; below these is a force-fed water 
quench spray and the rods are finally 
removed from a water-filled tank at 
the bottom of the apparatus. A vari- 
able speed motor is used for the 
upper draw rollers to keep the rods 
in end-to-end contact during their 
passage through the coils and avoid 
end overheating. 

Any warping of the rods is correc- 
ted in another reeler, and the grain 
size is further reduced by alpha an- 


the temperature is held at 550° C for 
1 hour, They are cooled under con- 
trolled conditions, and at this point 
samples are micropolished for check- 
ing the grain size. 

Actual machining to the required 
dimensions (1:150 + -001 in. dia for 
Calder Hall) is carried out on a 
Farmer Norton centreless bar turner ; 
about 0-040 in. is removed in each 
cut and a continuous conveyor 
is included to carry away the swarf. 
The rods are then fed to a completely 
enclosed Fairey automatic anti-rachet- 
ting machine which can cut four 
grooves simultaneously in each rod by 
means of a multi-tool box plunge 
feeding from an overhead slide. When 
the can is later pressurized onto the 
rods these grooves fix the relative 
positions and stop the can working off 
the end of the rod on successive ther- 
mal expansions. After sorting the rods 
are sent through a second facing and 
numbering machine. 


ASSEMBLING THE FUEL ELEMENT 

Four lines will eventually be built 
in the new fabrication plant. No 1, 
for the Calder and Chapelcross reac- 
tors, is now complete and No 2, for 
development work, and 3 and 4 for 
the Bradwell and Berkeley CEGB sta- 
tions, will be ready by the end of this 
year, The Magnox Calder-type finned 
cans are made by Fairey’s and Arm- 
strong Whitworth’s where they are 





The rods are straightened and cleaned on the reeler in the foreground and 
passed to a specially designed machine behind. This cuts the rod to slightly 
more than required length, cuts a hanging groove and stamps a serial number 


nealing in a bank of 14 Birlec 80 kW 
vertical resistance furnaces. 30 rods at 
a time are assembled in a jig—suspen- 
ded from a roof rail—in which they 
are supported by the hanging grooves, 
and lowered into a container. This is 
evacuated and filled with argon before 
heating in one of the furnaces, where 


now manufactured by thread-rolling 
instead of machining as in the past. 
In the canning plant they are first 
cleaned in a trichlorethylene tank, 
then examined and comprehensively 
gauged before sending to the first sec- 
tion of the 250-300 yard line, which 
consists of a continuous Teleflex con- 
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An assembly of thirty rods is placed 
into a container before alpha an- 
nealing in a resistance furnace 


veyor assembled by Langham Engin- 
eering. Because of the importance of 
avoiding any surface contamination of 
the can by particles of uranium the 
bars are not allowed in the shop, but 
are fed into the cans on the conveyor 
through a hole in the wall. 

The inner caps—machined to give 
a fixed clearance with the uraniurn 
bar—are screwed in and the element 
moved to two argon arc installations 
designed by the Authority and made 
by Newburgh Engineering for welding 
on the end caps. These, unlike the 
apparatus on the old canning line, are 
completely automatic — including the 
electrode setting for successive passes 

and the gun revolves instead of the 
electrode. The whole sequence in this 
part of the plant differs from that used 
in the old line, which was: 1 screw 
cap fitted, | end cup welded, bar in- 
serted, second screw cap fitted, trans- 
portation to an evacuation and helium 
filler set up and second end cup 
welded. The first of the new welding 
machines includes it own helium filling 
apparatus built to AEA designs by 
Langham Engineering and _ Barra- 
cloughs Ltd; the elements, hung from 
a pair of rollers which move on a 
continuous rail, are passed under 
this and the top screw cap is loosened 
by a tongue with two pegs which fits 
into holes in the cap. The can is then 
evacuated, about 8 cc of helium at 
N.T.P. are injected and the cap is 
tightened up again before the rod 
moves along the rail into the welding 
chamber. 


Pressurizing the elements 

The next stage is to squeeze the can 
firmly onto the rod to ensure good 
heat transfer and here pressurizing 
under carbon dioxide at 350 psi and 
500°C in an Electric Resistance Fur- 
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nace Co autoclave has given. way to 
a hydraulic machine developed for the 
AEA by Foster Yates and Thom 
which uses oil at 250°C and applies 
a pressure of 10,000 psi. The plant 
consists of six pressurizing chambers, 
each 30 ft long with a bore of 3 in.. 
which are operated as two groups of 
three, each with its own pumping and 
intensifying system, heating and con- 
trol arrangements and hot oil supply. 
The chambers are surrounded by jac- 
kets which are oil heated by means 
of electric ring elements, 90 per cham- 
ber, and the sequence of operation is 
as. follows: 

Magazines, in the form of racks 
holding up to 15 elements loaded side 
bv side, are placed on the loading side 
roller conveyor. A system of chains 
and dogs ensures that the magazines 
are correctly located in front of the 
various pressurizing chambers; a 
hvdraulic pusher head is brought into 
operation and three fingers attached 
to the cross head push three compo- 
nents into their chambers. The maga- 
zines are moved forward one pitch 
and a further three components 
loaded, the process being repeated 
until five elements have been placed in 
each chamber. These are then sealed 
and hot oil is fed to the inside to build 
the pressure up to the desired maxi- 
mum, which is maintained for un» to 
fifteen minutes. After this period the 
vessels are decompressed and the hot 
oil allowed to return to the supply 
tanks. The chambers are opened and 
the components pushed out (by un- 
treated components being pushed in 
at the loading end) on to a further set 
of magazines placed in position to re- 
ceive them. The loaded magazines are 
brought to the end of the conveyor, 
lifted on to trollies and carried to 
a trichlorethylene de-greasing tank. 
Testing 

Annealing at 400°C in one of 
two Metalectric Furnaces resistance 
heaters follows and the elements are 
checked in an Authority-designed X-ray 
machine employing Newton Victor 
apparatus. It can take a complete view 
in one shot instead of the three which 
were previously necessary to cover the 
whole circumference. For leak test- 
ing (at 10-° cm Hg) the elements are 
mounted in two rigs which can carry 
up to 12 each and are arranged for 
sequential sampling by a Metro-Vick 
mass spectrometer calibrated for 
helium leakage. Distortion of the fins 
caused by the pressurizer is corrected 
in a small machine which employs 
two rotating disks spaced one fin pitch 
apart, and the end pieces and braces 
are spot welded on. Braces are now 
made in three parts to take up any 
variation in fin pitch, because the roll- 


ing technique used for making the 
cans has not yet reached the accura 
of the machining previously employe 
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Decontamination 

The final operation is decontamina- 
tion in an ultrasonic washing u: 
developed and made for the Author: 
by G. Hopkins and Sons which sup: 
sedes the simple rotating bru 
machine (combined with a comb f 
fin straightening) used in the old pla: 
It consists of three sections, washir 
rinsing and drying, and after bein 
loaded horizontally on to carriers 
one end—hand or automatic loadin; 
can be used—the elements are moved 
by a conveyor right through the 
machine at an adjustable rate of about 
60 an hour. Each carrier supports five 
elements symmetrically spaced on a 
circle of 54 ins. dia and rotates con- 
tinuously to allow each element to be 
cleaned round its entire periphery. 
This rotation also avoids the possibi- 
lity of the elements bending under 
their own weight at the temperatures 
involved. The washing section is a 
stainless steel bath into which citric 
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= 


ao 
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acid solution is continuously fed at a 
rate and strength (usually about 14%.) 
controlled by Rotameter flowmeters, 





In this pressurizing machine hot oil 
is used to squeeze the cans firmly 
on to the rods 


the spent solution overflowing by 
means of a weir. As the elements move 
through the tank they spend 5-6 min- 
utes over a bank of four Mullard 20 
kc/s nickel magnetostrictive trans- 
ducers powered by a 2 kW generator 
which create the ultrasonic cleaning 
field to give a decontamination of the 
order of 1 mg of foreign matter per 
ft length of element. The final opera- 
tions on the Calder elements are: 
washing, drying in hot air, sealing in 
polythene bags and packing three to 
a box. 
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Britain lags in industrial applications of iso- 
topes owing to the present obscure legal 
position. Urgent action is called for in this 
report by a special correspondent in industry 


Isotopes and the 
Factory Regulations 


AFTER TEN YEARS’ industrial experi- 
ence with radioisotopes, the United States 
Atomic Energy Commission estimated 
that American factories were saving 
about $MS00 a year through the use 
of tracer techniques, nucleonic thick- 
ness gauges, level gauges, density gauges 
gamma radiography, etc. 

Some of Britain’s scientists and engin- 
eers, justly proud of our position as a 
producer and exporter of radioisotopes, 
have been prompted by these American 
claims to try to take stock of the situa- 
tion in British industry. While it is prac- 
tically impossible to obtain any accurate 
assessment of the economies achieved by 
the use of isotopes, it is generally felt 
that progress has been disappointing. 
There may be many reasons for this, but 
one is the uncertainty of the legal posi- 
tion of industrial isotope users. 


The big questions 

When radiation thickness gauges and 
other similar techniques were introduced 
to British industry some ten years ago, 
among the first questions asked by the 
average works manager or works engin- 
eer were: ‘Is it safe to handle ? —‘Is 
there any danger to workers who stand 
near this gauge when it is operating ?’ 
— Will it make the factory products 
radioactive ?’°—‘ Does it conform with 
existing Factory Safety Regulation ? - 
“Where can I get reliable and authori- 
tative answers to all my questions ? ’. 

These queries were generally ad- 
dressed to members of Harwell Isotope 
Division, to factory inspectors, or to 
nucleonic instrument makers. In_ the 
early days the questioner would usually 
be referred to recommendations laid 
down by the Medical Research Council 
for the guidance of hospital staff and 
medical research workers. Later, came 


recommendations of the International 
Committee for Radiological Protection, 
and an advisory service set up by the 


Radiological Protection Service of the 
Ministry of Health and MRC. Through- 
out the whole period the Factory In- 
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spectorate of the Ministry of Labour 
and National Service have been most 
helpful. Its experts have always been 
ready to visit individual factories for 
discussions, and to give advice on the 
safe installation of radioactive sources. 
It has also issued a booklet giving in 
general terms a code of practice for 
the safe use of ionizing radiations in 
industry. Nucleonic instrument makers 
have, on their part, endeavoured to 
design equipment for maximum safety 
under practical conditions of use, and 
have carefully studied current recom- 
mendations. 


Desire for rules 

Despite all this advice, there was still 
reluctance on the part of a few indus- 
trial managers to accept radioactivity 
under their roof. This was firstly because 
the advice was frequently worded in 
terms they could not understand, terms 
often related more directly to laboratory 
tracer techniques, and having little prac- 
tical relevance to the safety of installed 
radiation gauges. Secondly there was the 
feeling that advice and recommendations 
were not enough. There must be well 
defined regulations, preferably incor- 
porated into the Factory Act. by which 
a definite decision could be made as to 
whether a nucleonic instrument would 
be acceptable or not from the safety 
point of view. This desire for a clear 
set of rules was expressed by users and 
suppliers alike. For the suppliers felt 
that this would give them a secure basis 
on which to answer the doubts of poten- 
tial users, while industrial management 
felt that they in turn could answer with 
good authority doubts expressed by their 
workers, by saying in effect, ‘This in- 
stallation complies with the appropriate 
Factory Safety Regulations.’ 

Thus, about 1956 there was consider- 
able satisfaction with the news that 
Factory Regulations were in the course 
of preparation. The special Regulations 
appeared in the form of a Preliminary 
Draft dated 1957 which was published 


by HM Stationery Office so that objec- 
tions and comments could be put for- 
ward by all interested parties for con- 
sideration before the Regulations were 
made law. The opening and closing sen- 
tences of the draft suggested that it was 
intended to become law in 1957. 

While it was hoped that the provision 
of Regulations would do much to sim- 
plify and, therefore, stimulate the ex- 
pansion of radioisotope uses in Britain, 
the publication of this preliminary draft 
appears, so far, to have had the oppo- 
site effect. The fault may lie partly in 
the draft itself—its form and content. 
On first reading it through a_ works 
manager is apt to decide that he would 
forgo the benefits of radioisotopes, 
rather than accept all the conditions 
attached to their use. In some respects 
the whole theme of the Regulations may 
be criticized as having been designed 
for the protection of specialist workers 
in the field of radioactivity rather than 
the protection of ordinary workers in 
general manufacturing organizations. It 
might be argued that there is too much 
emphasis on monitoring and medical 
examination of personnel, and too little 
incentive to the instrument maker to 
produce intrinsically safe apparatus. 
Some of the most useful nucleonic 
instruments, thickness gauges, level 
gauges, and package monitors, require 
only small shielded sources of low acti- 
vity, yet they may be used in factory 
processes employing hundreds of opera- 
tors and very few specialists. It seems 
likely that the management would 
readily pay for additional shielding or 
guards to be fitted in order to make the 
equipment completely safe, but would 
think twice about the provision of 
special medical examination facilities, 
film badges or dosimeters for process 
workers. 


Industry sits back 


Objection, criticisms and suggestions 
such as the above are all matters of 
opinion, and no doubt many have been 
submitted for consideration. The main 
trouble with the draft is that it is still 
only a draft. Having seen it and com- 
mented, industry is now sitting back 
waiting to see how much of it will 
become law, how the final version will 
be worded, and how it will be inter- 
preted in practice. Even organizations 
which in the past would have been pre- 
pared to study carefully the current 
codes of practice, and follow these in 
order to evaluate the usefulness of some 
instrument or tracer technique, are now 
inclined to pursue a policy of ‘ wait and 
see. Therefore, if Britain is to make 
progress in the exploitation of radio- 
isotopes, some firm regulations are 
urgently required, and even if these in 
the first place are over-stringent, they 
will be better than none at all. 
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An automatic counter for irradiated foils 


by M. F. SMITH. 4.£.2.E., Harwell 


SEVERAL SECTIONS in the Reactor 
Division at AERE Harwell use the 
foil activation method (/) for mea- 
suring thermal and epithermal neu- 
tron distributions.* The usual tech- 
nique has been to use several counting 
channels each connected to a coven- 
tional scaling unit and to measure the 
activity of each foil on all the chan- 
nels in turn. This necessitates periodic- 
ally moving the foils from one count- 
ing head to another and noting the 
readings on several scaling units. Be- 
sides the wastage of manpower, this 
system is liable to human errors and 
only has a limited counting time unless 
operated on a shift basis. 

The Automatics Group of the Elec- 
tronics Division at AERE were asked 
to consider the problem and as a re- 
sult the prototype equipment (Fig 1) 
was designed by Messrs J. Leng, J. C. 
Boag and K. E. Parnell. Although a 
‘one off’ design, to suit the require- 
ments of a particular section, it has 
proved so useful that this article has 
been written to draw attention to the 
possibilities and advantages of auto- 
mation for routine * counting’ of large 
numbers of foils. The Automatics 
Group are now designing an improved 
model which should be able to fulfil 
wider requirements regarding the size 
of foils and the type of counting head 
which can be used. 

Before describing the equipment in 
detail it will be as well to mention 
how it differs from mechanisms 
already in existence which automatic- 
ally ‘count’ a series of foils under 
one counting channel. 

To improve the statistics of the re- 
sults without increasing the overall 
time of count—which is not possible 
with rapid decay activities—it is neces- 
sary to use several counting channels 
at the same time and to have a means 
for intercalibration. It is advisable to 
carry out this intercalibration continu- 


*for example, when manganese is irradiated in a 
neutron flux the following reactions take place: 
a-seh - 

Mn* + n—» Mn**—»> Fe* + 8 
Measurement of this rate of beta decay then gives 
a value of the original neutron flux to which the 
manganese was exposed. 
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ally during the time the foils are being 
counted because of the variability of 
the counting channel characteristics. 
This is especially so when alcohol- 
quenched geiger tubes are used as de- 
tectors, as has been customary. This 
intercalibration can be accomplished 
either by using several foils in a 
Standard rotation or else by using one 
foil in a Monitor rotation. 

A Monitor rotation is defined such 
that there is one foil which is re- 
peatedly counted on each channel in 
turn, e.g. every fourth foil to be coun- 
ted on each channel is foil M: it is 
preferably one of the foils being in- 
vestigated. A Standard rotation is de- 
fined such that there are one or more 
foils which are each counted once only 
on every channel. Foils of constant 
activity are usually chosen in order 
to eliminate corrections for radioactive 
decay. 





TABLE | Typical rotation sequence for 
foils A, B,C... on four counting chan- 
nels using a foil M in a monitor rotation 








TIME 
(UNITS CHAN- CHAN- CHAN- CHAN- 
FROM NELI NEL2 NEL3 NEL4 
ZERO) 
1 A 
2 M A 
3 B M 
4 Cc B M A 
5 D Cc B M 
6 M D C B 
7 E M D Cc 
8 F E M D 
9 G F E M 
10 G a E 
- etc etc 





N.B. M the foil in a monitor rotation appears on 


each channel at every fourth count 


It is slightly more difficult to use a 
monitor rotation than standard rota- 
tion but if the foil used is chosen from 
amongst the irradiated foils being 
measured it has the advantage that the 
intercalibration factor is derived for 
similar radiations, from samples of the 
same half life at comparable count 
rates to those of the foils being inves- 


tigated. Also it allows a check to be 
made on the dead time of the elec- 
tronic equipment. 

These factors tend to reduce pos- 
sible errors due to count rate hystere- 
sis and varying energy sensitivity of 
the counting devices, and also those 
due to uncertainties in the half-life of 
the material being irradiated. 

It was thus customary to measure 
the activities or irradiated foils by 
counting them on from two to four 
channels following a rotation sequence 
similar to the form shown in Table I. 


Three Operations 

The automation of this foil count- 
ing process involved three distinct 
operations. 

A. A mechanism to place the foils 
in turn under different counting heads 
allowing for the specified form of 
monitor rotation 

B. The printing out of the results 
from dekatron scaling units (AERE 
type 1221) onto a paper roll 

C. A control mechanism to supply 
time control for the scaling units and 
to interlate them with operations A 
and B. 

The foil-changing mechanism con- 
sists of a horizontal turntable divided 
into quadrants. Corresponding to the 
quadrants are three counting channels 
and one ‘magazine’ position where 
the foils are put on and taken off the 
turntable. The foils are supported in 
small rectangular 14 in. x 14 in. syn- 
thetic resin-bonded fabric trays which 
are loaded into the machine by stack- 
ing in the magazine. The existing trays 
will take foils of 4 in. dia. but suit- 
able trays could be made to take foils 
up to } in, dia. These trays with their 
foils are then accepted one by one 
onto the turntable which rotates and 
takes them in turn to each of the 
counting positions, afterwards return- 
ing them to the magazine position 
where they are rejected from the turn- 
table by being lowered on to a tray 
stack below the turntable. This four- 
position turntable therefore provides a 
means of passing a series of foils 
through three counting channels. 
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The partly assembled counting machine shows (nearest) one of the twin geiger 
tubes at each of the three counting positions. A turntable carries the foils from 
the magazine (right) to the counters (Fig 1) 


It is also possible to lock any of 
the turntable quadrant positions so 
that once a tray with its foil has been 
accepted on to the turntable it will 
not be discarded. Thus if just one of 
the turntable positions is locked the 
mechanism will provide the monitor 
rotation as shown in Table I, viz on 
each counting channel every fourth 
foil counted is foil M. If two oppo- 
site turntable positions are locked, a 
monitor rotation with two foils is pro- 
vided. If all four positions are locked 
the same four foils are continually 
counted in sequence through the three 
counting channels. 

An ordinary Addo model 40E add- 
ing machine with the maker’s stan- 
dard modification of solenoid-oper- 
ated keys was used for the print-out 
unit. This gives a compact presenta- 
tion in a form suitable for direct cal- 
culation without any _ transcription 
(Fig 2). 


Forward or reverse 

Two types of operation, manual and 
automatic, can be selected. When on 
the manual setting, toggle keys control 
the operation (start, stop, and reset) 
of the scaling units, the turntable posi- 
tion and the printing out from the 
scaling units. When on the automatic 
setting the control mechanism is oper- 
ated from half-minute pulses supplied 
by a standard clock. It is then arranged 
that the foils can be counted for 
periods of either two or five minutes 
with intervals of one minute between 
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successive periods, the counting 
periods commencing every three or 
six minutes respectively. Once having 
counted all the foils the machine will 
either switch itself off or reverse so 
that it recounts all the foils, but this 
time in the reverse order as it accepts 
them from underneath the turntable 
and restacks them in the magazine 
above. 


Halogen-quenched tubes 

On this particular machine the 
counting heads are each composed of 
two Mullard Type MX 123 end-win- 
dow halogen-quenched geiger tubes 
arranged above and below the turn- 
table so that radiations from both sides 
of the foil are detected, Previously 
alcohol-quenched tubes had been used 
but it was decided to change to halo- 
gen-quenched counters in view of their 
improved stability, lower working volt 
age, and longer life. 

To date this machine has been used 
at Harwell for measurements in con- 
junction with the homogeneous aque- 
ous zero energy reactor HAZEL (2) and 
has amply demonstrated the advan- 
tages of automation when applied to 
the determination of neutron flux dis- 
tributions by foil activation, as it has 
enabled the amount of work done in 
a given time to be doubled with fewer 
staff than before. The results obtained 
have also been much more compre- 
hensive and reliable. The foil position- 
ing between the geiger counters was 
quite adequate to ensure that no 


greater errors were introduced than 
those due to the statistical spread on 
the random radioactive decay. 

In view of the volume of results 
which were being obtained a pro- 
gramme (3) was written for their ana- 
lysis using the Hollerith 555 Punched 
Card Calculator. This corrected the 
observed activities for electronic dead 
time, background activity, radioactive 
decay, and then calculated the mean 
result for each foil in each counting 
channel. A separate punched card is 
needed for each measured counting 
rate. 

The time spent on analysis of results 
would be reduced if a means of tray 
identification was incorporated whereby 
the tray number was printed out in 
the space provided next to the appro- 
priate count, and also if either the 
absolute time or the time from an 
arbitrary zero was printed out on the 
paper strip. These improvements are 
being considered in the design of the 
improved machine. 

A weak link in the chain of auto- 
mation is that the results have to be 
manually transposed from the printed 
paper roll to punched cards and for 
future work it is intended that the 
card punch should be coupled directly 
onto the output from the scaling units. 

A more advanced and comprehen- 
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Sample of results as printed on 
paper roll. Each group of three 
lines represents counts taken at the 
same time. The first column gives 
the number of the counting chan- 
nel. The second and third columns 
are available for the foil number 
but at the moment only print 00 
or else indicate the monitor foil by 
printing 99. The fourth column is 
spare. Columns five to nine give the 
count on the appropriate scaling 
unit. The tenth column gives an 
additional indication of the moni- 
tor foil by marking it with a dash. 
A triangle is also printed in this 
column to. indicate when the 
mechanism is running in the reverse 
direction (Fig. 2) 
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sive programme (4) is being devised 
for the analysis of foil activation mea- 
surements using a Ferranti Mercury 
computer with punched tape input. If 
it is possible to employ this pro- 
gramme in conjunction with future 
automatic equipments there may be 
advantages in using it instead of the 
existing punched card programme. 
Geiger counters were chosen as the 


detectors to be used with this parti- 
cular equipment because, although 
they are by no means ideal, there was 
plenty of experience available regard- 
ing their operation, The construction 
of the mechanism is such that other 
types of detectors could be fitted as 
alternatives, should they be desired. 
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Analysis of thorium-magnesium 


by G. W. C. MILNER and J. W. EDWARDS 


METHODS were required for the 
analysis of binary alloys of magne- 
sium and thorium containing up to 
10 atoms per cent of thorium (51% 
by weight). The determination of 
thorium in the presence of magnesium 
presents no difficulty, since the EDTA 
titration of thorium using any one of 
several indicators has been shown to 
suffer no interference from magne- 
sium. 

Magnesium is also best determined 
volumetrically with EDTA using 0-0’ 
dihydroxy-azo dyes as_ indicators. 
Thorium, however, in even the small- 
est amounts, masks these indicators 
and no means are at present available 
to prevent this interference. 

Since the stability constants of the 
thorium-EDTA and magnesium-EDTA 
complexes differ by such a large 
amount (ThY° pK = 23:2, MgY~* 
pK = 8:7), it should be possible to 
titrate thorium and magnesium conse- 
cutively with EDTA and detect the 
end points by physical methods. 
Potentiometric titration methods were 
therefore considered but no great 
accuracy could be attained, 

Attention was next given to the 


binary 
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separation of thorium before the titra- 
tion of magnesium with EDTA. 
Several methods are possible, but the 
one adopted was that of precipitation 
of thorium as its insoluble peroxide. 

In the experimental work suitable 
mixtures of magnesium and thorium 
were prepared by transferring aliquots 
of a standard magnesium nitrate solu- 
tion to 250 ml beakers, followed by 
the addition of the required amount 
of a thorium nitrate solution, The 
volume was adjusted to about 100 ml 
and the pH to the range 1-1:5 with 
perchloric acid. Then | ml of hydro- 
gen peroxide (30%) was added and 
the solution heated to between 70 and 
80°C for 5 minutes. After cooling to 
room temperature, the solution was 
diluted to 200 ml and pH electrodes 
and stirrer system introduced. The pH 
was adjusted to 10°3 with sodium 
hydroxide solution. Then 10 drops of 
a 071% solution of solochrome black 
6B in alcohol and 1 drop of a 0°5% 
tartrazine solution were added and the 
solution was titrated with a standard 
EDTA solution, whilst stirring vigor- 
ously and maintaining the pH at 10:3. 
At the end point, which had to be 








Optimum conditions for vermiculite 


by T. D. WRIGHT and J. W. MONAHAN 


PREVIOUS WORK at Harwell has 
shown that crude vermiculite posses- 
ses properties which render it suitable 
as a decontaminant for alkaline-active 
effluent containing high sodium ion 
concentration. In the Industrial 
Group’s Medium Level Activity Treat- 
ment Plant the effluent is subjected to 
two chemical treatments then passed 
through columns of vermiculite, the 
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approached slowly, the indicator 
colour change was from red through 
grey to pure green. More accurate re- 
sults could be obtained by adding an 
excess of EDTA and back titrating to 
the end point with a standard magne- 
sium solution. 

In the analysis of alloys, solution of 
the sample was obtained in dilute 
hydrochloric acid with addition of 1-2 
drops of hydrofluoric acid (40%) and 
followed by warming to give a clear 
solution. The solution was evaporated 
to dryness after adding 10 ml of 
perchloric acid (60%) and then diluted 
to a definite volume in a graduated 
flask on re-solution of the salts in 
water. 

Analysis of Th-Mg alloys 
COMPOSITION BY ANALYSIS 





SAMPLENO Th%, Mg’, TOTAL 
1 38-34 61°54 99-88 
2 50-92 49-6 100-52 
3 38-56 60-9 99-46 
4 45-12 54-7 99-82 


The method applied to four typical alloy 
samples gave these results, The reason- 
able totals for the complete analysis con- 
firm the suitability in these cases. 
This article is a condensed version 
of UKAEA report No AERE C/R 2527 


as an effluent decontaminant 


main function of the latter being to 
remove caesium which is the radioele- 
ment most difficult to remove in the 
first two stages. Vermiculite was 
chosen as the best of several naturally 
occurring materials tried. Its advan- 
tages lie in its comparatively low cost, 
reasonable exchange capacity for a 
naturally occurring material, fairly 
rapid rate of exchange, flow rates 


A.E.R.E., Harwell 


which are still acceptable in alkaline 
media, and in particular, its affinity 
for caesium even in the presence of 
high sodium ion concentrations. 

To date (Oct 58) the columns have 
functioned satisfactorily. In order to 
estimate the life of the columns used 
on the plant, several experiments have 
been carried out on laboratory scale 
columns. These have shown that when 
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vermiculite is used to treat a caesium 
traced solution containing 300 ppm 
sodium, and at pH 11-5—12-0, break- 
through of caesium occurs after the 
passage Of 200 bed volume ratios of 
effluent. This is less than was expected 
Furthermore, it was evident from 
breakthrough curves in the alkaline 
solution that the material recovered an 
appreciable percentage of its capacity 
on standing. 

Vermiculite is a natural magnesium / 
calcium or magnesium alumino silicate 
and the particular batch in use on the 
Medium Level Plant is mainly in the 
magnesium form. As a cation ex- 
changer magnesium is therefore the 
exchangeable ion. It seems reasonable 
to assume that when it is employed to 
remove Cs-137 from very alkaline 
solutions, magnesium hydroxide will 
be precipitated within the exchange 
matrix and this is likely to reduce the 
diffusion speed of cations through the 
exchanger particles and may impair 


its efficiency. This has been confirmed 
by a series of experiments. 


On the Medium Plant the chemical 
stages raise the pH of the effluent to 
11-5 and it is at this pH that the efflu- 
ent is passed through the vermiculite. 
Thus, although the _ vermiculite 
columns are at present performing 
satisfactorily, the vermiculite is not 
being used to its best advantage. If 
the Medium Level Plant should be 
used as a continuous process it is anti- 
cipated that useful life of vermiculite 
would be very limited under present 
conditions. 


Either of two simple operations 
would increase the efficiency of vermi- 
culite for plant use as a decontami- 
nant of Cs-137, and it is recom- 
mended that: a. vermiculite is con- 
verted to the sodium form before use 
by washing with a sodium solution, or 
b. the effluent from the precipitators 
be neutralized to pH 7-0 prior to in- 








Irradiation | 





X-ray penetration in lead 
by J. W. HUBBELL, E. HAYWARD and W.F. TITUS National Bureau of Standards, Washington 


THE ENERGY and angular distribu- 
tion of photons emerging from a lead 
barrier exposed to 8 and 10 MeV 
X-rays have been determined by the 
National Bureau of Standards. The ex- 
periment was undertaken to obtain 
previously unavailable data on trans- 
mitted radiation at high energies, and 
the results not only provide design 
data for nuclear equipment shielding 
but also verify the mathematical and 
computational methods now used in 
solving penetration problems. 

Below 1 MeV some discrepancies 
were found between the computational 
and experimental results. As_ the 
mathematical theory was designed for 
an infinite medium, these variations 
may be due to the presence of a 
boundary in the experiment. Since 
good correspondence has been ob- 
tained at higher energies, the present 
study may prove useful in modifying 
the infinite medium theory to take 
into account the presence of a boun- 
dary 

The 8 and 10 MeV X-rays were 
Bremsstrahlung beams produced in a 
50 MeV betatron. Collimated to 9 in., 
dia the beam was used to irradiate a 
stack of lead sheets and radiation inci- 
dent on the plates monitored by an 
ionization chamber. 

Photons emitted by the lead barrier 
were detected by a scintillation spec- 
trometer consisting of a sodium iodide 
(thallium-activated) crystal and ana- 
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Energy distributions obtained at 
angles of 5°, 20°, 40° and 70° by 
bombarding a 6 in. lead barrier 
with 10 MeV Bremsstrahlung. The 
solid and open circles represent the 
experimental pulse height data, and 
the histograms are obtained by 
multiplying the pulse height data 
by an inverse detector-response 
matrix. The solid curves are the 
result of a calculation and repre- 
sent the contribution to be expec- 
ted from single scattering alone. 
The errors indicated are statistical 


troduction to the columns. 


Whichever method is adopted the 
resulting improvement in the perform- 
ance of the vermiculite should be 
equal. From the point of view of 
economics the former is the better 
pre-treatment since no extra plant is 
required and neutralization of the 
effluent to maintain a steady pH 
would present great difficulties. The 
sodium chloride solution could be pre- 
pared in the columns prior to pack- 
ing with the absorbent. From the mass 
distribution coefficient it is evident 
that once converted to the sodium 
form vermiculite will decontaminate 
1600 times its own volume of efflu- 
ent, about a quarter of a million gal- 
lons per ton of absorbent. The second 
method would involve the addition of 
an acid resisting pump and tank to 
the existing plant. 


This article is a condensed version 
of UKAEA report no. AERE E/R 2707. 


lysed by a 30-channel p.h.a. 

The pulse height distributions pro- 
duced by the transmitted photons were 
measured at 0°, 5°, 10°, 20°, 30°, 40°, 
50°, 60°, and 70° to the beam direc- 
tion, using a 6 in. lead barrier irradi- 
ated with both 8 and 10 MeV Brems- 
strahlung. 

In order to obtain the energy spectra 
of transmitted radiation, a matrix in- 
version of the experimentally measured 
pulse height data was employed. The 
spectra of transmitted energy show 
that photon energies and intensities 
change with angle and that multiple 
scattering predominates over single 
scattering. 

In absolute magnitude and general 
shape the theoretically-predicted and 
experimental penetration spectra agree. 
Except for energies below 300 keV, 
the experimental numbers are slightly 
larger than the calculated ones. The 
secondary processes omitted from the 
calculation probably account for part 
of the discrepancy. The higher values 
in the measured distributions for 
photon energies above | MeV may 
be attributed to the Bremsstrahlung 
by secondary electrons. 

Below 1 MeV the presence of anni- 
hilation radiation masks the rest of the 
distribution. Subtraction of the cal- 
culated annihilation radiation com- 
ponent reveals that fewer photons are 
detected than are predicted by the in- 
finite medium calculations. 





PROGRESS IN INDUSTRY 


Berkeley: a report 


from the site 


BERKELEY nuclear power station, begun in January 
1957 and due on full commercial load during the winter 
of 1960-61, is now about half finished. Something like 
900,000 cu ft of concrete, 5500 tons of reinforcement 
and 1600 tons of structural steelwork have gone in, 
almost completing the civil engineering work, and when 
NUCLEAR POWER visited the site recently some of the 
more interesting hardware was already arriving: elec- 
trical equipment for the control room, girders for the 
charge face crane, cranes for the blower houses, the 
first blower. No 1 reactor building is roofed in and 
watertight, and the pressure vessel is welded, X-rayed, 
and almost ready for stress relieving and pressure test- 
ing. The AEI-John Thompson Nuclear Energy Co, who 
are building this 275 MW station for the CEGB, report 
that they are well satisfied with their decision to eschew 
a Goliath crane for construction work and intend to 
follow the same policy in any future nuclear stations. 














1. All eight boilers have been erected round No | reactor. 
Five have been glassed in and one is completely tubed. 
2. Most of the high and low pressure evaporators are in 
place; this |I.p. evaporator (left) is about to be attached to 
its heat exchangers by welding on to the tube headers. 
3. Inside the reactor the 193 bosses for control rods and 
charge tubes have been welded into the crown of the fin- 
ished pressure vessel. The next step will be remachining to 
remedy the distortion due to welding which has pushed 
some as much as I7 minutes out of the vertical. 4. Stress 
relieving of the pressure vessel will follow in March; close 
up underneath shows the lagging placed round one of the 
CO, inlet ducts. This has been extended round the whole 
vessel. 5. The turbine hall behind No | and No 2 reactors 
is finished, six condenser shells are installed and three are 
being tubed. Circulating water pumps are now being fitted 
into the Pumphouse to the left of the turbine house and the 
coffer dam (extreme left) round the cooling water outfall 
is well under way. 6. View from the top of No | reactor 
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ws the Bailey bridge and cooling water intake which is 
pidly taking shape. 7. In front of No 1 reactor, No 2 
actor vessel and its steel thermal shielding are being built 
eath the sheltering ‘lid’ in the foreground. The first 
ac exchanger is due in place by the beginning of March 








PROGRESS IN INDUSTRY 


Radiation windows in 


COMPLETE CUSTOM-BUILT solid 
glass radiation shielding windows are 
now being produced at St Asaphs, in 
North Wales, by the Chance-Pilkington 
Optical Works. Installations have been 
made for the Atomic Energy Authority 
and several overseas atomic energy 
commissions as well as for a large 
number of industrial hot laboratories 
and hospitals. Construction of the fac- 
tory, which was designed primarily 
for the production of high quality 
optical glass, began in September 1956 
and the first glass was produced in 
June 1957. The flow line has been 
made so versatile that the output can 
take in a wide range of products from 
ophthalmic lens pressings and optical 
glass in extruded strip form to cast- 
ing large glass blocks—this form of 
production has proved an ideal method 
for the manufacture of radiation 
shielding windows and is based on the 
strictest. possible control of materials 
and operations at all stages. 


Balancing concrete/glass densities 
Protection against radiation can be 
Satistactorily achieved by glass where 
the absorbing power is dependent upon 
its thickness and its density. As it is 
desirable not to have a window thicker 
than the main surrounding structure, 
the wall density becomes the govern- 
ing factor. In normal concrete con- 
struction (2:5. density) normal lime- 
soda plate glass, of approximately 2:5 
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density, is employed. When _ barytes 
concrete (3:3 density) construction is 
involved an extra dense flint lead glass 
is used which has a density of 4:3. 
Where a multiplicity of glasses are 
mounted together, interference from 
inter-surface reflexion is eliminated by 
introducing a liquid of similar refrac- 
tive index to that of the glass between 
the plates. 

Normal glass when exposed to X- 
rays or gamma rays is subject to stain- 
ing or discoloration. The discoloration 
can be controlled by the addition of 
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production 
pioneer work by Chance-Pilkington 


a ‘stabilizer’ to the raw materials 
during manufacture. Whilst the sta- 
bilizer does impart a slight yellow tint 
to the glass it does substantially pre- 
vent staining when the glass is sub- 
sequently exposed to the higher inten- 
sity radiations. 


Casting large glass blocks 

All raw materials are initially ana- 
lysed by the Chemistry Laboratory and 
after being approved are weighed 
ready for batch mixing. The mixing 
time is carefully controlled as over- 
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mixing tends to separate out the con- 
stituents; when completed the material 
is transferred to special metal-lined 
wooden batch boxes. The tank method 
of production is employed so that all 
the operations necessary to obtain the 
glass melt are on a continuous scale, 
from melting the raw mix of pre- 
dominantly carbonates and _ nitrates 
causing them to decompose to their 
oxides and resulting in gases forming 
bubbles within the glass; raising the 
furnace temperature to lower the vis- 
cosity of the glass to liberate the gases 
and after the glass is bubble-free; stir- 
ring to ensure homogeneity; finally 
cooling to ensure that the viscosity of 
the glass is suitable for the subsequent 
casting or forming operations. This 
continuous method of production en- 
ables very close control of quality to 
be kept and constant sample testing 
allows any fault apparent to be cor- 
rected during the course of manufac- 
ture. 

When casting large shielding win- 
dows the output of the tank is fed 
into a mould located within an electri- 
cally-heated casting chamber or muffle 
so that throughout the loading the glass 
is held at the correct casting tempera- 
ture. When the mould has been filled 
it is passed to a large annealing kiln 
or muffle where controlled rate of 














frame 


FOR HOSPITALS—used for observa- 

tion in radiation treatment this dry 

window comprises two blocks with 
thin glass cover plates 


cooling ensures that the residual 
stresses in the glass when cold are well 
within the limits of safety. The time 
taken to complete this annealing pro- 
cess depends upon size and in the case 
of large blocks will be eight to ten 
weeks. The cast glass is checked by 
the laboratory for density and refrac- 
tive value as well as being examined 
for any striae or other imperfections 
within the block. The annealed block 
is then sawn to size and thickness on 
a bandsaw, ground and polished to a 
good felt polish standard on large 
working tables. Blocks of 4:3 density 
can be made in this manner up to 
5 ft 6 in. square with a thickness of 
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FOR HOT LABS—this 
is a specially designed 
unit of six blocks 
which is removable as 
a whole on a _ bed 
plate. Additional lead | 
shielding is provided 
to screen the rear 
frame and access space 
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10 in. giving a finished thickness of | of view is approximately 48 in. x 30 
up to 8 in. The standard of flatness in. This could be tapered down on the 
obtained is not comparable to that of ‘cold’ side to either 36 in. x 24 in. 
optical instruments but the surfaces or if necessary 24 in. 12 in. It is 


of the glass are well polished giving 
high transparency and suitable for 
the surfaces of shielding windows. 
Window design 

Standardization proving impractic- 
able each shielding window require- 
ment is considered independently to 
get the most efficient and economical 
window. A specialized design depart- 
ment has been set up and facilities 
exist in the works to cover all the 
fabrication and assembly requirements 
of the necessary steel retaining frames. 
lead blocks and sealing, gaskets and 
where applicable, oil-sealing systems, 
together with personnel for site instal- 
lation. 

These shielding windows are fabri- 
cated in a wide range of sizes from 
single blocks of glass to multi-section 
windows incorporating as many as Six 
stabilized and unstabilized blocks with 
front and back cover plates which 
with the associated frame and pack- 
ing can weigh anything up to 6 tons. 
Normally in a multi-plate window, 


only the first few plates on the * hot’ 


side need to be stabilized ; the remain- 
der on the ‘cold’ side can be of un- 
stabilized clear white plate glass com- 
position. In the design stage of the 
window it is advantageous to splay 
out the surrounding wall on the * hot’ 
side to give a wider field of vision. 
Tests have indicated that the minimum 
size of window on the ‘hot’ side 
necessary to give the maximum field 


considered satisfactory if the windows 
are stepped downwards by not more 
than 6 in. in each direction per step. 
i.e. a 3 in. step on each edge. 

The glass blocks are packed in a 
bolted and welded steel frame or tank 
with lead strip and wool packing so 
that the glass is held rigidly within the 
frame. If more than one block is used 
gaskets are inserted between the blocks 
to locate their relative positions and 
as each block is fitted the assembly is 
tested to ensure that it is free from 
optical interference faults. In the con- 
struction of ‘dry’ windows, thin gas- 
kets holding silica-gel are used whilst 
copper gaskets are employed in assem- 
blies that are oil-filled between the 
blocks. With the large windows the 
usual practice is to include cover plates 
on each end of lower density (2:5) 
which are gasketed into position to en- 
sure that the whole assembly is effec- 
tively airtight and alpha contamination 
is limited only to the ‘ hot’ face. These 
plates also afford protection in that if 
the window is damaged by impact it 
is only these relatively cheap pieces of 
glass which are affected. 


Special requirements 


In certain circumstances where it Is 
desirable to be able to withdraw the 
shielding window from the surround- 
ing wall assemblies are made complete 
with bed-plates and rails to facilitate 
withdrawal with lead surrounds in the 
wall for access space shielding. 
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Cross Section s, craccsus 


APART from the effect in his own 
Nuclear Power Plant company, the 
death of Claude Gibb at the height 
his career will be felt throughout 
the British nuclear industry. His belief 
and confidence in the gas-cooled reac- 
tor and his admiration for its main 
architect Sir Christopher Hinton were 
so unshakable that to many he must 
have seemed obstinate. Like many 
physically small men, Gibb thought 
very big and never did things by 
halves. Still comparatively rare amongst 
top business management, Claude Gibb 
was a first class engineer with a lot 
of intuition and he always rather re- 
minded me of one of the great Vic- 
torian engineers such as Telford or 
Brunel. In business he was among the 
toughest, yet he was a warm, genial 
talker on informal occasions although 
once he had formed an opinion it was 
well-nigh impossible to shake him. 
It is sad to think that his last journey 
was the homeward one from negotia- 
ting against severe American competi- 
tion a £M4-2 contract for a 500 MW 
turboalternator for the Tennessee Val- 
ley Authority. 


Although Gibb was engaged in a tre- 
mendous commercial competition with 
the other atomic power groups he 
always put Britain first and we had no 
more skilled advocate than he. This 
story is typical. When his firm was 
awarded the supreme Grand Prix for 
the best nuclear exhibit at the Brussels 
exhibition, we sent him a congratula- 
tory telegram. Within hours the reply 
came ‘we too, were glad that Britain 
won the premier award.—Gibb ”! 


At a recent London meeting, Gibb had 
just finished answering questions from 
the platform. My neighbour—an AEA 
official—whispered in my ear. *‘ He’s 
always good value!* He was too. 


BIG changes in the top stratum of the 
\tomic Energy Authority are due 
soon. Sir John Cockcroft is now re- 
turning to Cambridge as Master of 
the new Churchill College: Bill Strath, 
the popular member for External Re- 
lations and Commercial Policy, is off 
Shortly to the Ministry of Supply as 
Permanent Secretary: Sir Edwin 
Plowden, Chairman since the Author- 
ity's inception in 1954, will be leaving 
later this year, Strath’s successor, Sir 
\lan Hitchman, has already been an- 
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nounced but there is considerable 
speculation as to who will replace Sir 
John and Sir Edwin. Pretty obviously, 
the Member for Research must come 
from inside but there is certainly no 
obvious choice for the job. Sir 
William Penney could of course do it 
but he is already Member for Wea- 
pons Research and such a move would 
still leave a hard vacancy to fill. For 
Chairman, the Prime Minister will 
probably have to look elsewhere. Now 
that Euratom and the Common Mar- 
ket are in operation British nuclear 
energy faces some tough commercial 
problems and I hope Mr Macmillan 
will turn to industry rather than the 
Civil Service to fill this key post. 


WO completely new types of reactor— 
the Krupp potato or hard-boiled egg 
machine and a nuclear ship, both an- 
nounced in a week—is not bad by any 
standard: from Germany—a country 
on its back 12 years ago, it is astound- 
ing. 

With the news of Interatom’s ship re- 
actor prototype the organic moderated 
reactor concept must clearly be taken 
more seriously than in the past. 
Atomics International and in particu- 
lar Chauncey Starr, have worked very 
hard to put over the ome and the fact 
that the Germans have now accepted 
it must be a source of great satisfac- 
tion. In the latest brochure from the 
firm they are offering firm price quo- 
tations for complete 150 MW land 
stations with guaranteed plant per- 
formance. 


Critics of .the OMR have damned it 
for the polyphenyl moderator’s ten- 
dency to build up polymerization pro- 
ducts under irradiation. In the fully 
productionized ome this is to be got 
over by the simple expedient of dis- 
tilling continuously a small fraction 
of the coolant-moderator, residuals 
apparently being suitable for burning 
in a conventional boiler for water dis- 
tillation. We thus have a miniature oil- 
refinery alongside the power station. 


THE Institute of Physics’ recent sym- 
posium on fuel cycles was I felt con- 
ducted in a rather unreal atmosphere. 
Here were top level scientists talking 
glibly about whipping fuel out of one 
part of the reactor and inserting it 
somewhere else in one non-stop belt 


when in fact it will be at the very 
least two years before this becomes 
a practical problem. Of course it is 
necessary that these things are all 
thought out in advance but satisfying 
the physicists’ demands for optimum 
efficiency is going to tax the charge 
machine designers and plant operators 
to the utmost. 


A factor contributing to the atmo- 
sphere was the fact that the papers 
were not available beforehand and the 
authors only had a limited amount of 
time to present them. In a highly 
technical conference like this _pre- 
prints are absolutely essential if dis- 
cussion is not to be completely vapid. 
As it was, much time was wasted by 
speakers criticizing the omission of 
some point or other only to have it 
explained by the author that it was 
tully covered in his paper but he 
hadn't time to mention it in his oral 
presentation. 


During the proceedings I was struck 
by how much physicists now have to 
know about economics. Once upon a 
time they knew little and cared less 
about risk capital, plant amortization 
and interest charges. Now these quan- 
tities have become mixed up with ex- 
cess reactivity, thermal ratings and 
burnup and it is almost possible to 
place a monetary value on a single 
neutron. Which shows, I suppose, that 
physics has become big business. 


THOSE of my readers who are top 
people will probably have read this 
story in their favourite newspaper but 
for the benefit of those who are not 
I repeat it. I hasten to add that I did 
not find it myself: my attention was 
drawn to it. It seems that Blackwell's, 
the Oxford booksellers, recently sold 
to an American an autographed copy 
of Rutherford’s Radioactive Substances 
and their Radiations from the library 
of the late Professor Soddy. The cus- 
tomer wrote ‘knowing the haphazard 
manner in which radiation was 
handled by such pioneers as Soddy 
and Rutherford it occurred to me that 
the book might be radioactive.’ So he 
tested it and recorded 1000 counts per 
minute of an alpha-emitting substance 
on the inside cover. Pulse analysis did 
not give a positive identification but 
he considered it ‘probable that the 
substance is indeed radium. The 
amount of contamination is, of course, 
not dangerous.” 


On Record 


In a democratic country, no atomic 
energy organization can function effec- 
tively unless it carries public opinion 
with it—E, H. Underwood, UKAEA. 
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New Product Survey 


PLANT - EQUIPMENT - INSTRUMENTS : MATERIALS 


HIGH-GAIN P/M TUBE 
miniature model 


20th Century Electronics Ltd have deve- 
loped a miniature high sensitivity photo- 
multiplier only } in. in diameter and less 
than 4 in. in length. A box-type struc- 
ture of 10 dynodes it has been designed 
to provide extremely high 
efficiency and eliminate ‘ stage skipping.’ 


collection 


By the use of a new dynode activation 


technique very high stage gains are 


tilt 


ili 


The new 20th Century tube uses a 
new dynode activation technique 
which gives high gain with low noise 


achieved and the tube possesses a signal 
to noise ratio many times less than equi- 
valent American tubes of the same size 
The multiplier is fitted with a special 
12-pin moulded glass base for which 
moulded sockets are available. 

Because of its size and high 
sensitivity, this photomultiplier may find 
wide application in geological scintilla- 
tion counting apparatus and in photo- 
electric auto collimators and_ spectro 
photometers. When coupled as a scintil- 
lation counter to a 4} in. dia sodium 
iodide crystal, a resolution of the order 
of 10% is easily obtained with caesium- 
137 claims 20th Century. With an inter- 
dynode voltage of 100 volts, the tubes 
have a minimum overall sensitivity of 
1SO0 amps per lumen. 

Tick No 208 on reply card 
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PLASTIC SCINTILLATORS 
beads for liquid counting 


For use in aqueous scintillation counting 
applications, Pilot Chemicals Inc an- 
nounces the development of plastic scin- 
tillator beads called B-BEADS. Fabri- 
cated from Pilot Scintillator B filaments, 
B-BEADS are in the form of tiny cylin- 
ders measuring approximately }mm dia- 
meter x 4$ mm long. 

In this form, the scintillating surface 
is maximized while at the same time 
some of the ‘light-pipe’ properties of 
the filaments are retained. B-BEADS can 
be poured from container to container, 
remain unaffected by water and lower 


alcohols, and can be used in con- 


116 


ventional refrigerated counting chambers. 


Preliminary experiments with _ this 
material at the National Institutes of 
Health indicate excellent results using 


scintillator beads to measure radiation in 
water solutions containing carbon-14. It 
is expected that B-BEADS will find wide 
use in the application of liquid scintilla- 
tion counting methods to 
chemical tracer studies. 
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many _ bio- 


PIPE COUPLING 
high temperature, pressure 


Design of pipe joints and couplings for 
use at elevated temperatures has to a 
great extent been dictated by the avail- 
ability of suitable resilient gasket mate- 
rials. Conventional asbestos impregnated 
materials and metallic reinforced gaskets 
are limited to a temperature range in the 
proximity of 400°C, and not all offer 
corrosion resistance to a variety of chem- 
icals. 

King Aircraft Corporation have now 
developed and tested a pipe coupling to 
meet these requirements at pressures in 
6000 psi range. Termed Conoseal, the 
unit is based on the Vee-Band clamp 
principle and together consists of a male 





The Conoseal coupling is all-metallic. 
It is suitable for pressures up to 6000 
psi and temperatures to 980°C 


and female flange and all-metallic gasket. 
The flanges are suitable for either lap or 
butt welding to the pipe line or duct. 
The standard range offered covers pipe 
bores from 3 in. to 10 in, diameter, and 
can be supplied in aluminium alloy, mild 
steel, stainless steel or Inconel materials, 
dependent on the temperature and fluid 
characteristics involved. Non-standard 
couplings have been manufactured up to 
36 in. diameter. The operating tempera- 
ture ranges from 184°C to + 980°C. 

The V-clamp type coupling is claimed 
to offer great advantage where rapid con- 


nexion and disconnexion is requir d 
Low weight and small envelope char ¢ 
teristics are considerable when compa :d 
with bolted flange joints. The Conos 
by virtue of its all-metallic construct: 1, 
has a wide application for pneum: ic 
and hydraulic control iines, is resistan: ‘o 
liquid CO,, liquid nitrogen and liq id 
sodium. It is being applied successfull, to 
coolant and purging systems for nucl. ar 
power plant installations. 
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LEAK TESTING 

French helium spectrometer 
Helium is used as the leak detection 
medium in the Helitest separately-m 
netized spectrometer. The robustly c 
structed detector unit is capable of tr 
ing one part helium in five million parts 
air and can be used in all types of ind 
trial application. 

To detect leaks in a closed system, the 
vessel is evacuated down to 1/10 mm 
Hg, a fine spray of helium is passed over 
the outside of the vessel and when gas 
comes near any apertures, it is drawn 
into the system and then carried through 
to the detector, which immediately an- 
nounces the presence of helium. Using 
the vacuum method, it is possible to test 
leaks as low as 10-” atmos. per cc per 
sec., Le., less than 10° lusec. Another 
method is to pressurize the system under 
test with a gas containing helium; the 
suspected surfaces are probed with an 
aspirating nozzle connected to the detec- 
tor. 


3 1G 


¢ 


7, 


The Helitest is manufactured in two 
models; one automatic, the other manu- 
ally operated. Accessories include a 
vapour and condensate trap cooled by 
liquid nitrogen and is mounted at the 
inlet to the unit, a degasification cham- 
ber (supplied with the automatic set) and 
a standard test leak. The equipment is 
manufactured in France by Le Labora- 
toire des Basses Pressions and is handled 
in the UK by Appleby and Ireland Ltd 
Tick No 211 on reply card 


SCALER/RATEMETER 
universal US instrument 


Developed with an eye towards both the 
individual research worker without ready 
access to electronic servicing, and the 
large laboratory wanting complete equip- 
ment that will never become obsolete, 
The Nucleonic Corporation of America’s 
Universal scaler features interchangeable 
slide-out units that plug-in quickly, giving 
any combination of features from simple 
to complex. 

Three amplifiers, 4 binary scalers, 6 
decade scalers—either strip or glow tube. 
5 registers, 6 timers, 2 high-voltage sup- 
plies, 1 analytical ratemeter, are currently 
available. Also provided for in the 
Universal scaler are outlets for automatic 
sample changer, and digital or timer 
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print-out equipment. Plug-in amplifier 
input sensitivities range from a fraction 
of a millivolt to 9 volts for binary and 





Designed to appeal to workers having 
little specialized knowledge of elec- 
tronics, the Universal Scaler makes 
extensive use of plug-in units 
or decade scaling units, allowing any 
scaler function to be performed within 
the limits of binary 64-4096, and decade 
100-1,000,000, simply by adding the 
units desired. 
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NMR SPECTROMETER 
addition to US range 

\ new nuclear magnetic resonance field 
control unit, the FC-S01, has been pro- 
duced by Harvey-Wells Electronics, US. 
Designed to provide a means of precise 
regulation of electromagnets by produc- 
ing an error signal, derived from the 
field under control, which is suitable for 





The equipment consists of a gauss 
meter and probe (left) and a field 
control unit (right) 


closed-loop regulation of the magnet 
power supply, its range is 310 to 20,000 
gauss with standard probes. For con- 
trol of fields out of this range special 
probes are available. The FC-501 con- 
Sists of three interconnected parts: (1) 
probe, (2) oscillator, (3) field control 
unit, made up of a power supply. lock- 
in amplifier and modulator. Oscillator 
stability is greater than ten parts in a mil- 
lion, and the modulation sweep range is 
zero to 20 gauss. The unit operates at 
11S volts, 60 cycles at 2-5 amps. Both 
the oscillator and field control unit 
weigh 45 Ib. It can also be used as a 
high gain null detector for precise con- 
trol of temperature, pressure, and im- 
pedance by the addition of an external 
bridge 


Tick No 213 on reply card 


NUCLEAR POWER March 1959 


WATER LEVEL 
OBSERVATION 


new television system 


A new system of remote observation of 
boiler water level has recently been in- 
troduced by Hopkinsons Ltd. It consists 
of a scanning unit, a cathode follower 
and a display unit. The scanner and C.F. 
units are located together but the display 
unit may be situated at some distance. 
The equipment is arranged to be used 
with a prismatic water level indicator, 
of either plate or ‘ bulls-eye’ type, in con- 
junction with an illuminator fitted to the 
water gauge; no external illumination is 
necessary. 

The scanning unit houses a lens, scan- 
ning disk and photomultiplier. The scan- 
ning disk has a narrow slot with variable 
radius and is rotated at exactly the 
mains supply frequency by means of a 
synchronous motor locked to the mains 
period. Light from the illuminator, asso- 
ciated with the water gauge, passes 
through the prismatic indicator in such a 
way that the steam space appears as in- 
tense clear light and the water column 
as dull diffused light, 

The scanning unit is placed so that the 
light from the gauge passes through the 
lens to a focal plane coincident with the 
scanning disk. In front of the latter is a 
fixed vertical slot, and as the disk rotates, 
the disk slot and the fixed slot together 
form a gate admitting light at all points 
along the fixed slot progressively with 
respect to time. Thus the gauge glass is 
‘scanned’ and the gated light is allowed 
to fall on the sensitive surface of a 
photomultiplier. The voltage produced is 
transmitted along a cable to the display 
unit, and is transformed back into light 
by the cathode ray tube. Deflexion of the 
beam of light on the cathode ray tube 
is exactly synchronized with the scanning 
motion. 

The photomultiplier is insensitive to 
the water column in the gauge, since the 
main light from the illuminator, passing 
through water, is refracted outside the 
scope of the narrow vertical slot in the 


TELEVISION SCANNING UNIT 


SYNCHEONOUS MOTOR 





plate behind the lens, and the dull dif- 
fused light coming directly through the 
water column is insufficient to activate 
the light-sensitive cell of the multiplier. 
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HOLES IN CONCRETE 
diamond drilling 

Equipment for drilling holes in rock, 

concrete, brick etc of particular interest 


in nuclear energy applications was 


demonstrated in London recently, Known 
as the Diatube system, it is based on 





The Diatube/Flextol heavy duty 
unit in action. This one is petrol- 
driven 


the use of diamond-tipped core drills 
similar to those used for many years for 
taking mining core samples. 

Holes from ? to 14 in. dia can be 
driven using a portable power drill with 
standard 4} in. chuck. Up to 6 in. dia 
the standard Diatube drill stand is used 
with Flextol electric, petrol or air power 
units. The drill stand has a rack and 
pinion feed and can be angled to any 
position. Using special heavy duty equip- 
ment, holes of up to 12 in. dia can be 
driven to distances of many feet. Water 
cooling 1s used and an anti-splash attach- 





> COME Came 
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PRISMATIC TYPE ILLUMINATED 
WATER GAUGE 








Layout of the Hopkinson system shows how 
image of the sight glass is mechanically 
scanned by a synchronous disk 


VERTICA SLOT ON 
STATIONARY PLATE 


ENLARGED ViEW OF SCANNING DISK 
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ment is available for cases where it is 
needed 

Holemasters Ltd 
that in addition to sales the equipment 


may be hired and that work is also done 


We understand from 


under contract. A recent job was at 
Berkeley power station and a forthcom- 
ing one is the drilling of a heavy aggre- 
gate biological shield at an AEA estab- 
lishment 

During last year’s re-erection of some 
fallen stones at the Stonehenge ancient 
monument Holemasters asked to 
drill through some of them that appeared 
to be badly cracked. Complete 
about a yard long were obtained broken 
only at the cracks. The holes were later 
filled with metal rods, 

At the demonstration we were able to 
see specimens of holes and cores in rein- 
brick, terrazzo, 
granite, agate and blast furnace slag. 
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LINEAR MOTION 
recirculation ball bushing 


Low friction linear motion has for long 
been 


were 


cores 


forced concrete, solid 


one of the mechanical engineers 
most difficult problems and this is espe- 
cially 


control 


true in reactor technology where 


rods for example have to be 





Unit on the 


shows the 

arrangement of ball tracks which 

are completely contained in the 
bushing 


right 


positioned with extreme accuracy. What 
is claimed as a major advance in this 
field was announced recently by Ran- 
some & Marles Bearing Co Ltd. This 
is a recirculation ball bushing of a type 
already in wide use in the United States 
and for which the company now has sole 
manufacturing and selling rights for the 
UK and Commonwealth except Canada. 

The bushing contains a number of 
linear ball tracks consisting of a race- 
track section pressing, one leg of which 
is partly cut away to expose the balls. 
This is the load-bearing part of the 
bushing. The other leg of the track is 
covered over and is not in contact with 
the journal. Through here the balls re- 
circulate to their starting point. 

Eleven shaft sizes from } in. to 4 in. 
are available: corresponding outside 
diameters of the bushes are } in. to 6 in. 
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IN BRIEF 


Transportable diesel The Vega, a new 
air-cooled range of diesel engines in the 
200-400 b.h.p. range has been introduced 
by Davey, Paxman & Co Ltd, which 
are especially suitable for use in trans- 
portable rigs and for use on construc- 
tion sites. At the same time, the Ventura 
range of V type diesel engines of be- 
tween 1100 and 1735 b.h.p. now supple- 
ments the earlier Davey, Paxman V- 
engines—these are available in both 
pressure-charged and _ pressure-charged 
intercooled forms. 
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Pressure and vacuum testing A portable 
item of test equipment for checking both 
pressure and vacuum systems at positive 
and negative pressures within the range 
of | psia to 115 psia has been developed 
by Bryans Aeroquipment Ltd. The 
gauges in the test may be checked with- 
out removal from the case, against a 
standard such as a manometer, gauge or 
The 
reference and 
the pump operated to the required pres- 
sure. A comparison is then made between 
the reference and the test set gauge. 
Tick No 218 on reply card 


other means of reference. Tester is 


connected to a standard 


Laboratory pumps’ The new Genevac 
high-vacuum rotary piston 
pump is in 2, 4, 8 and 12 cu/ft/min. 
capacity with an ultimate vacuum of less 
than 0°005 mm Hg. 


single-stage 


The double-stage 


Boiling in nuclear reactors—Pt 2 
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INDUSTRIAL 
NEWSDESK 


New Rolls-Royce move 

A new nuclear engineering company has 
been formed by Rolls-Royce Ltd, Vickers 
Ltd and Foster Wheeler Ltd, known as 
Rolls-Royce Associates Ltd. The initial 
capital is made up of 250,000 £1 shares, 
of which Rolls-Royce hold 52% with 
Vickers and Foster Wheeler 24% each. 
This new company is rather similar to 
Vickers Nuclear Engineering Ltd (VNE) 
which has an issued capital of a thou- 
sand £1 shares, 993 are held by Vickers, 
one share by each of VNE directors 
Maj-Gen C. A, L. Dunphie (chairman 
and managing director of Vickers-Arm- 
strong), Lord Hives (former chairman 
of Rolls-Royce), Mr G. H. Hopewell 
(managing director of Foster Wheeler), 
Rear Admiral Sir Leopold E. Rebbeck 
and Lt-Gen Lord Weeks (director of 
Vickers) and one share each by Mr John 
Mclean and Mr E. P. Tomlinson. Despite 
this similarity overlapping of activities 
will be minimized in that VNE will con- 
tinue to cover all types of nuclear pro- 
jects in their initial stages and specific 
projects will be handed over to the new 
company for completion, At present this 
arrangement means that the design team 
responsible for the Admiralty nuclear 
powered submarine project will work 
under the aegis of Roll-Royce Associates. 


Flanges from Lintott 

Forged alloy steel flanges are now being 
produced in quantity in the UK by H. & 
E. Lintott Ltd. Under the name Lin- 
flange a wide range of welding-neck, 
slip-on, lap-joint, threaded, blind, socket- 
type, reducing, orifice and special flanges 
are made for high temperature and 
pressure conditions — alloys particularly 
applicable to the nuclear, petroleum and 
chemical process engineering are being 
worked to meet all requirements between 
+ in. and 12 in. nominal bore sizes and 
which should greatly ease the design and 
fabrication of pipe-layouts. 


Marconi’s spring plans 

Following successful prototype trials in 
a new department set up last year at 
their St Albans works, Marconi Instru- 
ments are soon to start production of a 
considerable range of nucleonic instru- 
ments. This was stated by general man- 
ager R. E. Burnett inaugurating a week’s 
special exhibition of his firm’s communi- 
cation instruments at London’s Waldorf 
Hotel on Jan 19. Mr Burnett said the 
nucleonic field was new to Marconi but 
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they were now responsible for the sys- 
tem’s engineering of nuclear instrumen- 
tation at Hinkley Point power station. 
This called for flux measurement, burst 
slug detection, stack filter checking and 
general health monitoring. Hinkley 
would, however, be merely a start and 
it was hoped to compete in exports as 
well as help in meeting home demands. 


Parsons buy US fuel 


A contract for the precision sintering of 
uranium dioxide, a nuclear fuel material, 
has been awarded to Nuclear Materials 
and Equipment Corporation (NUMEC) 
of Apollo, Pa, by C. A. Parsons & Co 
Ltd, Newcastle-on-Tyne. This material 
will be prepared and fabricated by 
NUMEC into high density specialized 
oxide shapes to be used in reactor fuel 
elements of advanced design being de- 
veloped by Parsons in conjunction with 
its subsidiary, The Nuclear Power Plant 
Co Ltd. This order is in addition to 





———— 
SOVIET DELEGATION AT PLESSEY’S 





to stainless steel, stainless steel to steel, 
copper to steel, steel to steel, copper to 
copper, steel to Nilo K, and Monel to 
other metals. A method of brazing beryl- 
lium has also been developed. 


Transistors dissected 


Since 1948 when the transistor was in- 
vented, no less than 800 different types 
have been produced. To review the whole 
field of transistors and semi-conductors, 
a Convention and Exhibition is being 
promoted by the Institution of Electrical 
Engineers at Earls Court from May 21 
to May 27. During 23 sessions, more 
than 30 lectures will be given which 
will include basic theory, transistor 
materials, characteristics and their meas- 
urements, transistors as a circuit ele- 
ment, technology, design manufacture, 
applications and world trends, Although 
early transistors used a germanium crys- 
tal, silicon is becoming increasingly the 
preferred material as it has greater 


Russian scientists recently visited Plessey Nucleonics at Northampton when 
Mr Khrustalef (first left), Mr Andreev (second left) and Mr Khanzhenkov (far 
right) inspected a precipitator used with Plessey’s burst slug detection system 


those placed by the Italian company, 
Agip Nucleare, and the French Govern- 
ment (Worldview, last month). NUMEC 
expect to announce other foreign con- 
tracts in the near future. 


° ° ° 
Industrial brazing service 

A new specialized brazing service has 
been introduced by Newton Victor Ltd, 
the X-ray department of Metropolitan- 
Vickers Electrical Co Ltd. The plant 
provides for the high quality brazing of 
components in controlled atmospheres 
and under vacuum. Radiation and muffle 
furnaces are included with which tem- 
peratures up to 1800°C can be achieved 
and parts up to 34 in. sq and 10 in. 
long can be handled. Circular compo- 
nents up to 34 in. dia and 3 ft 6 in. 
long are handled in ‘eddy current’ fur- 
naces which give fairly local heating and 
temperatures in excess of 1100°C. The 
joints catered for include stainless steel 


stability at elevated temperatures and has 
a higher reverse voltage rating and 
operates with much smaller reverse cur- 
rents. To date much of the silicon of 
extreme purity for transistors has come 
from America or France but ICI have 
now brought into operation a large-scale 
development plant for the manufacture 
of semi-conductor grade silicon. The 
plant will be operated by ICI’s General 
Chemicals Division on Merseyside and 
by the middle of this year output will 
be running at the rate of some 4000 lb 
per annum. 


AEA reports on microfilm 

To make atomic information more easily 
available, the UKAEA has decided to 
extend its use of microphotography and 
all non-secret reports which have been 
prepared since 1947 will be obtainable. 
A large number of unclassified and de- 
classified reports, which so far have been 
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obtainable from AEA 
libraries, will be available in microform. 
Micro Methods Ltd, of East Ardsley, 
Wakefield, Yorks, will produce the 


microcopies on 


only on loan 


card of these reports 
issued between 1947 and December 1956 
and, on a continuing basis of subsequent 
reports which are not available on sale 
from HM Stationery Office. A complete 
list of these reports may be obtained 
from Micro Methods. Complete sets of 
these reports are being presented to a 
number of other countries and to cer- 
tain international agencies. In addition 
to this the Authority is increasing its 
facilities for supplying reports in con- 
ventional form as they are prepared 


More nuclear this year 

Honorary President of this year’s Engin- 
eering, Marine, Welding and Nuclear 
Energy Exhibition is Sir Edward Thomp- 
son, JP, chairman and managing direc- 


tor of John Thompson Ltd and presi- 
dent of the British Engineers’ Asso- 
ciation. 


Open from April 16-30 at Olympia, 
London, the exhibition, traditionally an 
autumn fixture but now moved to the 
spring, will include over 500 exhibitors 



























FAIREY NUCLEAR 

Typical of Fairey Aviation’s expanding 
activities in nuclear engineering is this 
partly assembled core skirt for the 
Dounreay fast reactor. The castellations 
assist assembly and obviate overlap 





showing more than 1000 categories of 
engineering products. Although it has 
changed its name several times over the 
years, the exhibition has a history going 
back to 1906. The organizers expect a 
big increase in nuclear exhibits this year, 
all of which will be reviewed in a 
NUCLEAR POWER special issue. 


Sizewell coastal check 

The preliminary marine survey has been 
completed for the proposed sixth nuclear 
power station at Sizewell, Suffolk. With 
a planned capacity of 650,000 kW this 
is the largest projected nuclear power 
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station in the United Kingdom, Surveys 
covering harbour facilities, feed water 
inlet and exhaust were made by Kelvin 
& Hughes (Marine) Ltd, for Messrs 
Mouchel & Partners on behalf of the 
Central Electricity Generating Board. 
The Kelvin-Hughes Contract Survey De- 
partment carried out similar marine sur- 
veys for the Bradwell, Berkeley, Hinkley 
Point and Hunterston nuclear plants. 


Another alloying metal ? 


Yttrium metal has been produced by the 
US Bureau of Mines in a form which 
may provide the solution to a number 
of reactor engineering problems. This 
metal which has been long considered 
too brittle for ‘ structural’ uses has now 
been obtained in high purity state having 
good ductility. The method employed 
was a process similar to that used by the 
Bureau which provided titanium and 
zirconium on a commercial scale. The 
potential value of yttrium lies in its rela- 
tively low microscopic 
and its relatively high melting point. 
over 1500°C which opens up the possi- 
bilities of making a range of steel-based 
alloys to meet the increasingly rigorous 
specifications for high temperature reac- 
tor components. 


Ekco deliver for DR3 


Better guard and interlock circuits have 
been incorporated in the nucleonic in- 
strumentation for the Danish DR3 re- 
actor. This equipment has been com- 
pleted and pre-assembled by Ekco Elec- 
tronics Ltd ahead of schedule and after 
inspection by the Danish Ambassador, 
will be installed at Riso. The experience 
gained at Harwell in the operation of 
the DIDO and PLUTO reactors has resulted 
in modifications being incorporated in 
the guard and interlock circuits as well 
as the layout of the control 
strumentation. Ekco’s engineers, assisted 
by their Danish associates, will install 
and commission the equipment for the 
contractors. 


cross-section 


rods’ in- 


* 
Bigger and better seals 

The increased demand for high tempera- 
ture sealings has led to a big increase 
in the output of silicone rubbers which 
retain their elasticity at higher and 
lower temperatures than any other rub- 
bers; for short periods, they resist tem- 
peratures of between 250 and 300°C, 
while at minus 80°C flexibility and 
electrical strength are not affected. In the 
nuclear field silicone rubbers have been 
used for O-rings, gaskets, wiring and 
electric motor insulation and to meet 
the increased applications generally, ICI 
have increased their output fivefold 
over the past twelve months. Towards 
the end of last year, another manufac- 
turer of silicone rubbers, Midland Sili- 
cones Ltd, as a result of greater output 





reduced their prices by some 10° id 
have now announced a further reduc on 
of nearly 20% which will doubtless »x- 
pedite the more general use of t! se 
synthetic rubbers in industry. 


° ° 
Lighter isotope containers 

‘Safe at surface’ isotope containers or 
gamma radiography are being made by 
Messrs R. F. Fraser-Smith for use » ith 
non-destructive testing techniques, Tl. -ce 
sizes are available—small weighing only 
8} lb for thulium 170, standard weigh. 
ing 30 |b for iridium 192 or caesium 
137 and the large size weighing some 70 
lb for cobalt 60. The standard container 
has been designed to give a maximum 
radiation level of 7-5 mr/h at the surface 
when loaded with 24 





curies of iridium 





In readiness for higher activity thulium 


170 is this Fraser-Smith 
isotope container 


192. Alternatively, when loaded 
caesium 137, the radiation level would 
be 7-5 mr/h at 10 in. 

The small unit has been made in anti- 
cipation of the higher activities of thu- 
lium 170 which will shortly be avail- 
able. With care, it could also be used by 
experienced operators for iridium 192, 
since the radiation would not exceed 7:5 
mr/h at one metre, when loaded with 
24 curies. 

The simple light-weight handling rod 
is suitable for all these containers and 
whilst the standard length is three feet, it 
can be supplied in any length required 


lightweight 


with 


Doctors and isotopes 

Radioactive Isotopes in Medicine is the 
subject of a course being organized by) 
the British Council at Sheffield and 
Leeds next September. The lectures will 
range from the biological effects of 
radiation, detection equipment, counting 
techniques, to the use of isotopes in 
clinical investigation and treatment. The 
practical studies will include experi- 
ments on the use of various types ol 
counting equipment for assay work and 
on in vivo detection methods. Particular 
attention will be given to radioiodine in 
thyroid disorders, radioisotopes in he 
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Reactors 


American-Standard UTR-10, 
10 KW University Training Reactor 


Experience at M&C Nuclear, Inc. in the fabrication of 
uranium-aluminum alloys clad with aluminum allows the low- 
cost manufacture of these fuel elements to meet the require- 
ments for university training reactors. 

The fuel plates shown were produced by M&C Nuclear, Inc. 
for American Standard, Atomic Energy Division, to be used in 
their university training reactors. 

M &C Nuclear will be pleased to assist you in your experi- 
mental programs by supplying information on quality 
fuel based on your specifications and designs. Write our 


Manager of Marketing and Contract Administration. AA & © 
P. O. BOX 898, 




















Uranium-Aluminum Fuel Element 


mel olalaohi-te Moh Mat: 4p (aldol 





The fuel plates, above, were manufactured to the 


following dimensions and specifications: 


NPN iss cid.vivieienicsisrew Siweegiewaeiers 23 grams U 235 
GRRE LONIINS 65 6.66.01 SoSsin- e000 25.938 + .015” 
Ps ireenesskssceeneuen 3.000 + .015” 
IIR 5 55.66. 0:05.00soes<00e us .110 + .006” 
Sipe ME rasa .scoars dicistersmie-aisere .090” nominal 
Cle TENNESSE. oe cccceccwetseees .010 + .002” 


Variations of dimensions are possible to 
meet special requirements. 


NUCLEAR,INC. 


ATTLEBORO, MASSACHUSETTS, U.S.A. 








FUEL ELEMENTS. CORE COMPONENTS. COMPLETE CORES 
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INDUSTRIAL NEWSDESK 


matological studies and determination of 
body radioactivity, The course is held in 
conjunction with the Universities of 
Sheffield and Leeds, the Sheffield 
National Centre for Radiotherapy, the 
Sheffield Royal Infirmary and the Leeds 
General Infirmary. 


Combined specification 

Ihe British Standards Institution has 
issued a new publication covering ‘ Steel 
boiler and superheater tubes BS 3059: 
1958° which in fact contains 12 separate 
specifications for carbon steel and molyb- 
denum steel tubes of varying form and 
tensile strength. To meet the needs of 
industry both hot finished seamless and 
cold drawn seamless carbon steel and 
24% chromium/1% molybdenum steel 
tube requirements are included. This 
specification replaces BS 494, BS 512, 
BS 1653, BS 1654 and BS 1678. 


Van de Graaff machines 

We are informed by High Voltage Ser- 
vicing Co Ltd that the name ‘Van de 
Graaff” as applied to particle accelera- 
tors is the registered trade mark of High 
Voltage Engineering Corporation and 
that the only machines entitled to bear 
this mame are manufactured by 
HVEC. As is of course well known, the 
machine was pioneered by Dr Robert J. 
Van de Graaff. a director and chief 
physicist of HVEC. Inclusion of other 
companies under this head in our Buyers 
Guide (Jan) is not correct. 


those 


In brief 


@ Alignment Gear The complete range 
of Taylor, Taylor & Hobson’s measur- 
ing instruments, machines and accessories 
will be exhibited at the Cheetham Public 
Hall, Manchester, from March 16 to 
March 21. New equipment will be in- 
cluded and surface finish and roundness 
measuring services will be available. 


@ Test Certificates A new electrical in- 
strument test service has been established 
at the British Scientific Instrument Re- 
search Association’s Chislehurst labora- 
tories. It will be operated under the 
supervision of the National Physical 
Laboratory utilizing NPL certified equip- 
ment and will test and issue certificates 
for instruments up to precision grade 
accuracy. 

® De-centralization To meet the chang- 
ing pattern in its activities the Sperry 
Gyroscope Co Ltd has established three 
separate operating divisions. The Indus- 
trial Division will be responsible for the 
hydraulic and electro-mechanical appli- 
cations and equipment together with 
non-destructive testing equipment for 
nuclear energy projects and process con- 
trol work. 


122 


@ Sinter Production Increases in the de- 
mand for sintered metal products have 
necessitated expansion by the Morgan 
Crucible Co Ltd. The opportunity has 
been taken to meet this requirement to 
establish a new factory at Wandsworth 
and at the same time incorporate a new 
laboratory and sales office for the pro- 
duction and development of Sinterlink. 


@® Submarine Check Controls for Radia- 
tion, Inc have been awarded a contract 
by Knolls Atomic Power Laboratory of 
GEC for radiochemical analyses during 
the start-up of the nuclear submarine 
Triton and will include the measurement 
and identification of radioactivity in- 
duced in the heat-transfer medium of the 
reactor propulsion systems. 


BERKELEY BLOWER ON TEST 


plied to the UKAEA is shown 

Laurence, Scott & Electromotors I 
This type is designed to run for a mi 
mum of two years without shut down 
@ Power Convention ‘Electricity a 
its contribution to the standard of livin 
will be the theme of the eleventh Brit 
electrical power convention and exhi 
tion being held at Torquay from June 
to June 5. A paper ‘ Progress on the fi 
nuclear power stations—Bradwell, Ber} 
ley, Hinkley Point, Hunterston’ will be 
given on Tuesday morning June 2. 

@ New Company The Griffin & Geor 
Group have formed Griffin & George 
(Research and Development) Ltd, to 
carry Out research into and developme 
of scientific instruments and apparatu 


a 


77 





One of the sixteen BTH 4000 h.p. motor-driven gas circulators for Berkeley 
nuclear power station is being tested at the Rugby works on a closed air circuit 


® Electronic Exhibition The third 
annual exhibition by A. M. Lock & Co 
Ltd will be held at the Bennett Hall. 
Snow Hill, Birmingham, between March 
17 and March 20, when more than 400 
instruments and controls will be dis- 
played. 

@® International Computers The British 
Tabulating Machine Co Ltd has merged 
with the Power-Samas Accounting 
Machines Ltd, to form International 
Computers and Tabulators Ltd (ICT). 
With capital assets valued at nearly 
£M24, ICT plans a steady development 
of the Commonwealth and European 
markets for punched card equipment and 
electronic computers with special refer- 
ence to data processing machines. 

@® GCRE second phase The reactor ves- 
sel and equipment including instrumen- 
tation for the Gas-cooled Reactor Ex- 
periment Facility will be supplied by 
Anderson-Burke Corporation to the 
AEC. 

® Continuous Running At the electrical 
engineers exhibition one of several 250 
hp 3000 rpm squirrel-cage motors sup- 


for laboratories and process controls 
The major effort will be concerned with 
analytical techniques. 

@ Stainless Machinists Screw Machine 
Products Ltd, of Woburn Green have 
been approved by UKAEA as having 
works facilities suitable for the supply 
of electrical control gear, remote hand- 
ling equipment, control rod and fuel 
element components and machining stain- 
less steels and high tensile steels. Their 
inspection department is especially well 
equipped, including optical projectors 
and comparators. 


@ Overseas Tour EMI Electronics Ltd 
is demonstrating its new general purpose 
analogue computer EMIAC II during 
March and April in Diisseldorf, Munich, 
Stockholm, Paris and Hanover. The visits 
to Paris and Hanover will coincide with 
the Hanover Trade Fair and the French 
Physical Society Exhibition. 

@ Oil research A large extension to the 
Hayes Laboratories of Wakefield-Dick 
now enables extended research using 
spectrographic analysis and radioactive 
isotopes to be carried out. 
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This is one of a series of advertisements by RITCHIE CALDER which is appearing in 
the National Press to illustrate how atomic power may help man’s muscle emancipation 








r'YPICAL SCENE in tropical countries is that of 
the bullock-team raising water from a well. To 
the chanting of the drivers, the bullocks trudge 
backwards and forwards, under the relentless sun, 
lowering the buckets into the well, hoisting the water 


and tipping it into the 


¢ 
~A0l, - 


ate OC Sa 


water-courses toirrigate 


the thirsty soil, from 


which both men and 
beasts get their food. 
Those peasants are 


poor, despairingly 





**poor, yet they use the most 
expensive power in the world—muscle-power. Bullocks 
have to be bought, tended and fed, yet even with the 
meagre food and pitiful earnings of the men who drive 
them, the energy equivalent which they produce costs 
twenty times as much per unit as the energy output at 
Calder Hall atomic energy station. 


MUSCLE POWER INEFFICIENT 


A great many people in the world are poor because 
of necessity, they use calories in their most expensive 
form and energy in the most uneconomical way. 
Although we may glorify muscle-effort—and, indeed, 
laud itin the performancesofathletes—it is deplorably in- 


efficient. The advance from the steam-engine to atomic 


Muscle ts the most 
costly power on earth 











power, from the pulley-belt to automation, has repre- 
sented the emancipation of man from muscle-slavery. 

The paradox of power is that those who are power- 
deficient are power-extravagant. When we go around 
the house switching off lights to keep the electricity bill 
down, we might think of the Indian villager burning 
cow-dung to cook his food for his muscle-power. Because 
he burns that dung, instead of using it as manure, his 
soil is undernourished, his crops are undernourished, 
and he is undernourished. 

This is the Misery-Go-Round of poverty; because the 
peasant is poor he is undernourished ; because he is 
undernourished he under-produces; because he under- 
produces he is poor; and because, in ‘muscle-power’ 
countries, poverty prevails, their natural resources are 
underdeveloped. Such countries see in nuclear energy a 
break-through to industrial prosperity. The problem 
of how to find the money 


to pay for it and to train Se 
pa) D ae 
the people to handle it, = fone 
is the answerable we a 

FSS 2 = 


challenge of our times. 

The know the answers; the 
mechanical engineers have created the machines. The 
muscle-slaves are waiting to be freed and the resources 
of their countries are waiting to be developed. The 
machine is the emancipator. 


power engineers 


MITCHELL ENGINEERING are designing and constructing 


Nuclear Power Plant to meet world needs in the New Atomic Age 


____. 





MITCHELL ENGINEERING 
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They said... 


points from papers, speeches, conferences 





When to refuel ? 


Devising the optimum practicable fuel 
cycle for the gas-cooled reactor will re- 
duce fuel costs by a factor of two over 
the simple once-through figure. There is 
thus a strong incentive to do this although 
the practical difficulties are great. Against 
this background on Jan 22-23 the 
Institute of Physics held a symposium 
on nuclear fuel cycles and the AEA dis- 
cuss different aspects of the problem. 
Talking about operational aspects of 
fuel cycling N. I 
AEA 
take a very long time to achieve equili- 
brium in a fuel cycle. With the present 
3000 MWd/t it would take be- 
tween four and five years before it was 
all burnt up and in the 
newer element 


from the 
Group said it 


Franklin 


Industrial would 


aim ol 


meantime a 
with possibly a 
burnup performance might be 
loped. Thus in the 20 year life of one 
of the civil power stations—not forget- 
ting that the cycle must be tapered off 
at the end—it could be that true equili- 
brium will never be 


higher 


deve- 


reached. On the 
manutacture 
Franklin pointed out that it is practic- 
able with a modern plant to make a 
complete fuel charge for a large gas- 
cooled reactor in about a year. This will 


question of fuel element 


last at least four years and so theoreti- 
cally, as far as this particular reactor is 


concerned at any rate, the fuel plant 
stands idle for 3 years. 
Speaking for the CEGB, Dr C. P 


Haigh said that a large nuclear reactor 
shut down for one day would cost about 
£8000 and so they must be kept on load 
This meant inevitably on-load charging. 
He thought that delayed onset of fuel 
cycling might have economic advantages 
but that this would be determined by the 
maximum speed at which the fuelling 
machine can work. With the present 
machines it would probably not be pos- 
sible to delay and cycling would have to 
commence immediately. At first the Gen- 
erating Board operatives would stick to 
very simple fuelling systems to gain ex- 
perience 

While Calder Hall is providing valu- 
able experience for first round stations, 
there will be no comparable help for 
the next generation, said Mr F. W. Hut- 
ber (Risley). The aGr, he said would 
prove the engineering of elements but it 
would not give any failure statistics. He 
added that ultimate fuel costs would be 
determined by the throughput of the 
AEA’s plants. 


Summing up the symposium, P. W. 


124 


Mummery (Harwell) said he looked for- 
ward to a similar conference in about 
three time when some real ex- 
perience had been accumulated. 


years 


Industrial Saving 
Organic moderated reactors promise 
cheaper steam for industrial processing 
in Europe. Whilst ninety-five per cent of 
Sweden’s electricity is derived from water 
power, some seventy per cent of the 
total energy produced for all purposes is 
now based upon imported fossil fuels. 
Taking these figures Dr Chauncey Starr 
the General Manager of Atomics Inter- 





CHAUNCEY STARR 
No ‘ best’ reactor 


national Division, North American Avia- 
tion Inc, addressing the Royal 
Swedish Academy of Engineering 
Sciences in Stockholm, 
greater use of nuclear energy in indus- 
try. 


when 


advocated ‘a 


After reviewing various reactor con- 
cepts and stating ‘at this time there is 
no “best” reactor for the production 
of the required economic electric power ° 
Dr Starr coupled a particular type of 
reactor, the OMR, to the heat consump- 
tion by manufacturing industries. 

‘The possibility of a reactor cooled 
and moderated with an organic fluid has 
been under investigation for a number 
of years. Such a reactor incorporates a 
number of basic advantages. The organic 
shows negligible corrosion with ordinary 
construction materials, low induced 
radioactivity in the coolant, elmination 
of hazardous coolant reactions with ura- 
nium or water and low coolant vapour 
pressures permitting low operating pres- 
sures.” OMR designs have been considered 
for process steam applications and 
although ‘the United States is not a 
particularly attractive market for nuclear 


power’ 25, SO and 75 thermal me 
watts design sizes have been assessed | or 
European applications. The cost of p:- 
cess steam for these three designs rar ze 
from approximately $2.80 per metric tn 
of steam for the 25 MW reactor to 4s 
low as $1.60 per metric ton for the 75 
MW compared with between 
$2.50 and $3.00 per metric ton for stean 
from conventional fuels in Europe. 

‘It would thus appear that Sweden is 
especially attractive for the application 
of atomic energy’ and such plants would 
be useful in the pulp and paper indis- 
try as well as providing means of co 
paratively evaluating the potentials of 
other types of reactors at present being 
reviewed by the Swedish State Power 
Board. 


reactor, 


Too much breeding 

Heavy water is definitely too expensive 
at the present prices said Mr W. Ken- 
neth Davis, vice-president of Bechtel 
Corporation at the First International 
Symposium on Nuclear Fuel Elements 
After reviewing relative fuel rental and 
purchasing costs it is 
‘there probably is a heavy water price, 
perhaps one-half of the present price 
or something less than that, at which its 
use as a moderator would appear attrac- 
tive in competition with other types of 
reactors, 


considered that 


However, it does not appea 
realistic to expect such a price reduction 
at the present time.’ 
that while development should not be 
dropped it would be wise not to give 
‘too great an emphasis” to heavy wate! 
moderated 


The conclusion is 


reactors ‘under the present 
circumstances.” 

Referring to the recent announcements 
emphasizing the need for breeder reac- 
tors Mr Davis stated ‘In fact, in some 
cases it has been implied that scarcely 
any other type of reactor merits further 
serious support. I believe it would be a 
serious mistake from the practical and 
realistic point of view. As present US 
uranium production support all 
the US electric power production were 
it all nuclear based ‘without even re- 
sorting to plutonium recycle let alone 
breeding’ it is felt that there is no real 
need for breeder reactors for the next 
thirty or forty years. Development should 
first be on the lines of economically use- 
ful power reactors and then only when 
‘the cost of nuclear raw materials in- 
creases relative to the other costs’ im- 
proved utilization of the fuel would be 
a key item leading to breeders. When 
this stage is reached the cost would be 
met by the nuclear power industry in the 
same way that other improvements in 
the power industry have been brought 
about during the past fifty years or more 

Progress could be achieved by drasti- 
cally reducing ‘fuel fabrication and 
processing costs.’ 


could 
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EKGO electronics 


announce 

new fully-transistorised 
Thermocouple Trip 
Amplifier 








m Upper trip setting, normally 0-250°C, may readily be extended to 1200°C. 
Accuracy better than 0.4% of trip temperature over whole range— 
maintained over extended ranges. 








Alarm accuracy better than 2% of meter range. 
Response time less than 0.2 seconds. 


Indefinite life. 


Small in size (4” x 8}” high): four units complete with power packs fit 
standard 19” rack panel 8}” x 13”. 


The Ekco range of reactor instruments also includes the following :— 


Reactor Period Meters with alternative ranges. Effluent Monitor. 

Reactor Power Error Meter. Battery Box Assemblies. 

Resistance Thermometer Trip Unit. Logarithmic Gamma Health Monitor (installed). 
Shut-Down Amplifier (with start-up facilities Slow Neutron Survey Meter (portable). 


and shut-down state trip). 
- Beta-gamma Survey Meters (portable). 
Fast Neutron Monitor (installed). 
Decade Voltage and Current Generator 
Misalignment Indicator (for coarse control arms). (general purpose test unit). 


Leak Indicator (for external heavy water leak). Reactor Period Meter Test Unit. 


© EKGO electronics 


ahead in instrumentation 
EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - Telephone: Southend 49491 
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NAMES 


IN THE 


NEWS 


Mr A. R. Cooper, a full-time member 
of the Central Generating 
Board, and director of the Eastern Lon- 
don and South Eastern Regions of the 
Board is taking up special responsibilities 
for the operations (including nuclear) 
and personnel work of the Board. To 
help him he will have Mr A. E. Hawkins 
in his new post of chief operations en- 


Electricity 


gineer and Mr S. S. Scott, chief personnel 
officer 

Iwo leading British nuclear experts 
W. Murgatroyd, Professor of Nuclear 


Engineering at Queen Mary College, and 
J. M. Kay, Professor of Nuclear Power 
at Imperial College. London in 
March on a British Council lecture tour 
of Latin American countries. 


leave 


Mr P. G. Smyrk has joined the board of 
Johnson, Matthey & Co as joint managing 
director. 


Controls have appointed 
Lt Col J. P. Flowerdew to be production 
charge of all production 


Servomex 


manager in 
facilities. 


Managing director of Lancashire Dynamo 
Electronic Products, Mr R. A. Bent, has 
recently been appointed to the board of 
the parent company Lancashire Dynamo 
Holdings Ltd. 


Sir William Scott, managing director of 
Armstrong Whitworth (Metal Industries) 
and Sir Richard Bellingham Graham 
have been appointed directors of Head 
Wrightson Teesdale Ltd. 


Mr S. G. Catto, managing director of 
Morgan Grenfell and Mr R. N. Millar, 
general manager of GEC’s heavy engin- 
eering and nuclear division at Erith. have 
been appointed directors of the com- 
pany. 

English Electric's managing director Mr 
H. G. Nelson has been awarded the 
Royal Society of Art’s Benjamin Frank- 
lin medal for 1959. 

Mr D. D. Morrell has been elected a 
Mitchell Engineering Ltd. 
Mr Morrell is managing director of The 
Mitchell Construction Co. 


Mr W. L. Day has joined the board of 
W. S. Atkins & Partners where he is 
project engineer of the nuclear engineer- 
ing group. Mr Day was at one time as- 
sistant director of the UKAEA’s Chemi- 
cal Plant Design group at Risley. 

The CEGB have appointed Dr J. A. L. 
Bonnell nuclear medical officer and 
deputy to Mr C. A. Adams, the board's 
chief nuclear health and safety officer. 
On account of ill health Mr Gordon 
Helps has retired from his position as 
joint managing director of Humphreys 
& Glasgow Ltd. 


director of 


Power Jets (Research and Development) 
have appointed Mr N. M. Clark to be 
chief engineer in succession to Mr J. 
Hodge. Mr Clark has been particularly 
engaged in the design of circulators for 
gas-cooled reactors, 

Arthur V. Peterson has left AMF to form 
Arthur V. Peterson Associates, an atomic 
energy consulting firm. 

Mr C. R. Jones and Mr P. K. Richards 
have become directors of John Thompson 
Water Tube Boilers. Mr Richards is 
nuclear contracts manager. 

Vice-Admiral Sir John Eaton has joined 
Marconi’s as chief of administration of 


their Research and Development Labor 
tories. 


Dewrance & Co Ltd announce that % 
Andrew Brown has been made assista 
sales manager. He is especially respo 
sible for the sale of special valves d 
signed for nuclear power plants. 


A. R. COOPER 


R. A. BENT 


Mr H. West has become assistant manag- 
ing director of Metropolitan-Vickers. 
He ceases to become director of electrical 
engineering. 
Mr R. Edwin McAlpine has been elected 
chairman of the Nuclear Power Plant Co 
Ltd in succession to the late Sir Claude 
Gibb. 

OBITUARY 
NUCLEAR POWER regret to record the death 
of Dr Hans Sulzer, president of Sulzer 
Brothers Ltd at the age of 82. 





MARCH DIARY 


WEDNESDAY 18 








ICE Institution of Civil Engineers. IMechE Institution of Mechanical Engineers 
1EE Institution of Electrical Engineers. IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society. SCI Society of Chemical 
Industry, IM Institute of Metals. IMet Institution of Metallurgists. IMM 
Institution of Mining and Metallurgy. IPE Incorporated Plant Engineers. SIT 
Society of Instrument Technology. BritIRE British Institution of Radio 
Engineers. RSH Royal Society of Health. IR Institute of Refrigeration. 


THURSDAY 5§ 


LONDON SIT Symposium on the use of data recorded on 
industrial plant G. Nonhebel, F. G. Webster 6.00 Manson 
House, Portland Place 
MANCHESTER BritIRE 
R. E. Blythe 
Sackville St 


Closed-circuit television equipment 
6.30 Reynolds Hall, College of Technology, 


FRIDAY 6 
LONDON IMechE 


{ Approximate equations for the properties 
of superheated steam 


Prof J. H. Horlock 6.00 at the Institu- 


tion 
BIRMINGHAM IMarE_ Energy from the atom Prof C, F. 
Powell 7.00 Birmingham and Midland Institute, Paradise St 


THURSDAY 12 


LONDON Plastics Institute 10th annual lecture International 
competition in the chemical industry §. P. Chambers 6.30 
Wellcome Foundation Building Admission by ticket 
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NEWCASTLE SIT Operating experiences on automatic con- 
trol of large steam generators J. S. Holt 7.00 King’s College. 
Stephenson Buildings 


HALIFAX IPE 
A. L. Shaw 
tion 


The production of power from nuclear energy 
7.30 Percival Whitley College of Further Educa- 


THURSDAY 19 

MANCHESTER IMechE Special design and construction fea- 
tures of the Bradwell Nuclear power station G. H. Inglis 
6.45 Engineers’ Club, Albert Sq 

GLASGOW BritIRE Application of magnetic amplifiers to 
electrical switching J. A. Purdie 7.00 Institution of Engineers 
and Shipbuilders, 39 Elmbank Crescent 


FRIDAY 20 

EDINBURGH BritIRE Application of magnetic amplifiers to 
electrical switching J. A. Purdie, 7.00 Department of Natural 
Philosophy, University, Drummond St 


TUESDAY 24 

LONDON SIT New direction in engineering psychology Dr 
R. Conrad 6.00 Manson House, Portland Place 

BRISTOL BritIRE Recent advances in travelling wave tubes 
P. F. C. Burke 7.00 School of Management Studies, Unity St 
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BOOK 
SERVICE 


All the books reviewed in Nuclear 
Power, and all other scientific 
and technical books and period- 
icals from all over the world may 


be obtained from :— 


BLACKWELL’S 


BROAD STREET 
OXFORD 


Get all the 
latest information 
from our catalogues of new 
books on 
Science 
and 
Technology 


free on request 
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NUCLEAR POWER | 
BOOK INQUIRY 
SERVICE 


If you would like to have de- 
tails of a particular book or to 
know whether one is published 
on a specific subject, fill in this 
coupon and send it to us. We 
will then forward it to the ap- 
propriate publisher or book- 
seller who will answer your 
query. 


Details please of books on the follow- 
ing subjects : 


send to NUCLEAR POWER, 3 PERCY 
STREET, LONDON, WI, ENGLAND 
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Book Reviews be 


Early stages 


Nuclear Rocket Propulsion by R. W. Bus- 
sard and R. D. DeLauer London 1958: 
McGraw-Hill Series in Missile and Space 
Technology 370 pp Price 77s 6d 


The ultimate inadequacy of chemical re- 
actions as a source of energy for the 
propulsion of vehicles through space has 
long been recognized. A considerable in- 
centive exists, therefore, to apply nuclear 
energy in rocket propulsion and in re- 
considerable amount of 
scientific speculation has been 
devoted to the problem of developing a 
nuclear rocket. This has lately been taken 
a stage further in the USA where a defin- 
ite development programme known as 
the Rover Project has been initiated. The 
authors are both engaged on this pro- 
ject and are well qualified to write about 
the subject. 

The work is divided into nine chapters, 
of which the first is merely a brief intro- 
duction. In dealing with the fundamental 
dynamics of rocket flight in space, and 
the possible application of a nuclear 
reactor to heat a working fluid in a 
rocket thrust chamber, the relevant phy- 
sical and chemical properties and per- 
formance characteristics of likely work- 
ing fluids are described, but the tem- 
perature range over which most of the 
relevant properties are described is re- 
stricted to 7000°R (3900°K.). 

The section on system analysis tends 
to become tangled up in a mass of ele- 
mentary but tedious mathematical ex- 
pressions and so many parameters are 
introduced, without an adequate nota- 
tion list, that it is almost impossible to 
sort out the physical implications of the 
results which are presented in the various 
graphs. The main failing of this chapter 
is that it appears too early in the book 
and the authors do not discuss their 
basic assumptions in any detail. Many 
of these are matters of conjecture which 
should have been considered at greater 
length. 

The ensuing chapters on ‘ Heat trans- 
fer and fluid flow, ‘ Materials’ and 
‘Nucleonics’ should have been treated 
as forming a basis for the assumptions 
made in the system analysis and, there- 
fore, they should have preceded that sec- 
tion. Unfortunately, the authors have 
tended to divorce these subjects from 
the rocket propulsion theme and deal 
with them in a rather general manner. 
This is particularly true of the nucleo- 
nics section which contains scarcely any 
reference to the specific problems of a 
possible nuclear rocket reactor, while the 


cent years a 
serious 


heat transfer section contains only o: 
partly worked example relating speci 
cally to such a reactor. 

A vital aspect of reactor developme 
is that of testing the various componen 5 
and the reactor as a whole under actu 
operating conditions or conditions close! 
resembling those which obtain durinz 
operation. This will be particularly diff 
cult in the case of a rocket reactor b 
cause of the high temperatures and the 
enormous power densities which are ji 
volved. The authors describe some of the 
test facilities that are in use at Los 
Alamos and discuss a few of the prob- 
lems that might be encountered in test- 
ing rocket reactors. The treatment is, un- 
fortunately, rather superficial and no 
really useful details are given. 

The authors have undertaken an ex- 
tremely difficult task. The development 
of nuclear rocket propulsion is in a very 
early stage and still involves a great deal 
of speculation. One of the shortcomings 
of the book is that insufficient emphasis 
is laid upon the conjectural nature of 
the subject and one gains the impression 
from it that the principles are all very 
well established and that nuclear rocket 
engines are in the same highly developed 
stage as, say, submarine reactors, Until 
rocket reactors have been in frequent 
operational use it will not be possible 
to write a textbook, in the normally 
accepted meaning of the word, on this 
subject. In the circumstances the authors 
would have done better to have discussed 
all the principles and problems in the 
broadest sense and not to have confined 
themselves too rigidly to the conditions 
that appear to them to be realizable in 
the immediate future. Nevertheless it is 
an interesting book and contains a con- 
siderable amount of valuable data. The 
lists of 1eferences are particularly com- 
prehensive. 

L. R. Shepherd 


Time savers 


Handbook of Physics Edited by E. V. 
Condon and Hugh Odishaw 1504 pp 
London 1958: McGraw-Hill Price £9 I4s 
Nuclear Engineering Handbook Edited by 


Harold Etherington 1872 pp London 
1958: McGraw-Hill Price £9 14s 
Kempe’s Engineers Year Book 1959 64th 


edition Edited by C. E. Prockter 2 
volumes 1324 pp and 1416 pp London 
1959: Morgan Bros Ltd. Price £4 2 6 

It is generally admitted that one of the 
big problems of our age is that of read- 
ing time and anything that can be done 
to ease this is praiseworthy. While not 
suggesting for a moment that handbooks 
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HAPMAN & HALL 





) can ever completely replace the specific 


An important survey 
textbook, they undoubtedly provide a 
convenient guide through the maze of 


prea | , DISPOSAL 

widely scattered literature and give use- 

ful starting points for new studies. of 

runs ton Singhal pcan RADIOACTIVE 
WASTE 


* Just Out * 
THE GEOLOGY authors, many of whom are well known. 
The contents are divided into 9 parts 

by K. Saddington, M.Sc., F.R.1.C. 

and W. L. Templeton, B.Sc., M.1.Biol. 








OF URANIUM each of which contains several chap- 
ters. Titles of the parts are: Mathema- 
tics, Mechanics of particles and rigid 
bodies, Mechanics of deformable bodies, 
Electricity and magnetism, Heat and 
thermodynamics, Optics, Atomic physics, 
the Solid state, Nuclear physics. Each 
chapter concludes with a selective biblio- 
graphy, that at the end of the chapter on 
nuclear structure by L. Eisenbud and | 
A collection of twelve important | E. P. Wigner being noteworthy for its 
papers now available in English for | extended treatment. Throughout, the 
those Western scientists who must | approach is by way of principles rather 
keep abreast of developments in the than applications, with theory rather 
field by their Russian counterparts. | than experiment. An excellent index 
The volume not only reveals the most enables one to navigate this great work 
up-to-date Soviet progress, but also quite easily. 

adds new knowledge to our growing 
storehouse of information on the 


Supplement No. 6 of the Soviet 
Journal of Atomic Energy 


Translated from the Russian and 
published in co-operation with 


CONSULTANTS BUREAU INC. 
NEW YORK 





134 pages Illustrated 48s. net 


The same publishers’ Nuclear Engin- 
eering Handbook is also a first edition 


P 
ts 
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Geology of Uranium. 
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ESSEX STREET, LONDON, W.C.2 























In Birmingham you 
will find the latest 
NUCLEAR 
ENGINEERING 
TEXTBOOKS 


at 


Hudson’s 
Bookshop 


in 
NEW STREET 


and 


BURLINGTON 
PASSAGE 
MIDland 7701-2-3 
Open all day on Saturday 
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and consists of 14 sections compiled by 
70 authors. Conceived on somewhat simi- 
lar lines to the Handbook of Physics, it 
is however considerably more practical 
in approach and illustrates its points by 
frequent reference to actual reactors. Not 
of course that reactors are the only sub- 
ject covered. Some section headings are: 
Nuclear physics, Reactor physics, Radia- 
tion and radiological protection, Control 
of reactors, Fluid and heat flow, Reactor 
materials, Chemistry and _ chemical 
engineering, Nuclear power selection, 
Mechanical design and operation of reac- 
tors, Isotopes. The chapter on gas-cooled 
reactors is rather fragmentary and one 
would have thought that a British or 
French author might have been better 
qualified to write it. On liquid-cooled 
reactors it is, of course, first rate and 
it is difficult to fault the physics, metal- 
lurgy or chemistry. Throughout the 
references are copious, albeit heavily 
biased towards the American literature. 
In time, the Handbook seems to stop 
short of the 1958 Geneva Conference 
and clearly a second edition will some- 
how have to include new material made 
available there—in particular a section 
on thermonuclear fusion will be needed. 

The well-known British handbook, 
Kempe’s, is now in its 64th year with 
three sections completely rewritten— 
Flow metering and mechanical testing, 
Refrigeration, Paints and varnishes. In 
addition, minor revisions have taken 
place in several other sections. The short 
chapter on atomic power is however still 
totally inadequate and needs completely 
rewriting. It is the policy of the pub- 
lishers to carry out a certain amount of 
complete revision each year and it is to 





This book surveys the whole problem of un- 
wanted waste products from the atomic energy 
industry. It gives information on the basic 
data on which the safe limits for discharge are 
established and describes the methods which 
have been used successfully up to the present 
time. It also comments upon the problems 
likely to arise in the future and the means of 
coping with them. 

The authors both hold eT rem, at the 
Windscale plant of the U.K.A 


CONTENTS 


The Formation and Nature of Radio- 
active Waste - The Biological Effects 
of Radiation - Discharge to the Nat- 
ural Environment - Treatment of 
Airborne Wastes - Treatment of 
Liquid Effluents - Disposal Methods 
for Solid Wastes - The Utilisation of 
Individual Fission Products - Future 
Problems and their Solutions - Appen- 
dices - Gl -y - Bibliography - Index 
With a foreword by 
J. C. C. STEWART, B.Sc., F.Inst.P. 
Deputy Managing Director, U.K.A.E.A., 
Industrial Group Headquarters, Risley 
17s. 6d. net. (18s. 6d. by post) 





Also recently published 


NUCLEAR 
REACTORS 
for POWER GENERATION 


Edited by E. Openshaw Taylor 
B.Sc., D.1.C., M.1.E.E., M.Am.1.€.E., F.R.S.E. 


A book for all associated with the building 
and operation of nuclear power stations. 
Separate sections are devoted to: World energy 
requirements and nuclear energy programmes 
Nuclear physics - Types of reactor - Materials 
The physical basis of reactor design - Safety 
and instrumentation - Application and 
economics, With over 50 illustrations. 
21s. met. (22s. by post) 


FROM ALL BOOKSELLERS... or at post prices from 
George Newnes Ltd., (Book Dept.,) Tower House, 
Southampton Street, London, W.C.2. 


NEW NES 
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be hoped that nuclear energy will receive 
attention in the next edition. 
c. D. 


Clear introduction 
Nuclear Reactor Metallurgy Walter D. 
Williamson and William F. Murphy 
D. van Nostrand Company Inc Price 42s 
The declared aim of this book is ‘to 
give every engineer and scientist a clear 
introduction to metallurgy’. 
Within these limitations it succeeds, and 
it appears to this reviewer that an en- 
gineer, having waded through its 358 
pages, should be able to ask him the 
right questions and to understand a reply 
phrased in fairly technical language. 
The book originates in the course of 
lectures on reactor metallurgy provided 
at the Argonne National Laboratory. It 
starts with a thorough treatise on pre- 


nuclear 


an excellent survey of nondestructive test- 
ing techniques. 

There are however many grounds for 
criticism. A book with this title should 
be much more directly concerned with 
the phenomena limiting the conditions 
of operation of materials in reactors, and 
should highlight such matters as fission- 
able material/can/coolant compatibility 
and change in the impact properties of 
pressure vessel steels. It is such prob- 
lems as these, coupled with the behavi- 
our of fission products, that are the chief 
concern of the reactor metallurgist now. 
The problems associated with the anis- 
otropy of uranium have mostly been 
solved by heat treatment, an important 
subject that is only mentioned in pass- 
ing. Moreover, the book completely ig- 
nores magnesium as a canning material 
in spite of its technological and econo- 


tains much useful information and ts 
references and bibliography are exte.- 
sive and drawn from both sides of te 
Atlantic. L. M. Watt 


Rapid training 

Basic Electricity Five volumes Lond 
The Technical Press Ltd Price 55s 

Early in 1951 the US Navy faced a 
shortage of trained technicians and the 
need for a new type of rapid training 
course became apparent. To fill thi 
firm of management consultants were 
gaged to produce a series of training 
manuals suitable for quickly equipping 
men capable of operating and maintain- 
ing Navy equipment. Later the manuals 
were released for civilian use and now a 
British edition has been prepared with 
War Office cooperation, which has been 


’ 





paration and properties of uranium mic importance, 
metal, dealing in detail with laboratory 
techniques and physical metallurgy. Irra- 
diation phenomena are dismissed rather on the 
cursorily and followed by a discussion 
of the special problems presented by 
plutonium, thorium, beryllium and zir- 
conium. After a short treatise on liquid 
metals and ceramics, the book ends with 


CATALOGUES 
AND 
BULLETINS 


Semiconductors Number 4 of Texas Instruments’ Semiconduc- 
tor Application Reports deals with d.c. power supply circuits 
using silicon rectifiers. Copies of this 35-page technical book 
are available free to enquirers. 
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OMR Atomics International have brought out an illustrated 
booklet on their organic moderated reactor which they can 
now offer at a firm price with guaranteed plant performance. 
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Synthetic crystals Publication from Hilger & Watts describes 
their range of crystals including mounted crystals and crystals 
for infra-red spectroscopy. The firm also have available a 
folder with leaflets on digitizers of various kinds. 
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Ferranti computer Pegasus 2, a new version of the original 
Ferranti Pegasus digital computer is subject of list DC 38 
published at the end of last year. 
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Heat exchanger Some typical uses of the APV Paraflow plate 
type heat exchanger, first introduced in 1923, are described in 
new leaflet. 
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Medicine Booklet with cover illustration of Michelangelo 
painting describes the medical applications of isotopes, to- 
gether wth appropriate equipment such as scalers, ratemeters 
manufactured by Ekco Electronics. 
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The timing of the book in this country 
is also unfortunaie. It is based largely with 
First Geneva 
after the second, is woefully out-of-date, 
containing no reference to swelling of 


adopted as a basic text for REME train- 
ing. 

The manuals are profusely illustrated 
easy-to-understand line 
Conference and, and the text 


drawings 
demands only a simple 
knowledge of arithmetic and algebra: no 
trigonometry or calculus is needed, Fur- 


uranium or fission product evolution for ther volumes to be published include 
UO.. It can be recommended within its 
limitations of scope and timing. It con- 


basic courses on_ electronics. 


mechanisms and radar. 


Sseryvo- 


Handy calculator The Magnetic Valve Co have issued an 
extremely useful calculator for the estimating of pipe sizes for 
both steam and hot water. Reverse side has temperature con- 
version table and properties of saturated steam. 
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Ultrasonic equipment Machining and cleaning apparatus work- 
ing on the ultrasonic principle is illustrated in Kerry's (Ultra- 
sonics) latest publication. 
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Electrical conductors Two booklets describing electrical alu- 
minium conductors and electrical copper conductors have been 
produced by E. & E. Kaye. 
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Thermometers Two imposing books from Negretti & Zambra 
list the properties and technical details of their glass and 
mercury-in-steel thermometers. There are also new publica- 
tions on automatic controllers, and indicating and recording 
hygrometers. 
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Radioisotopes Nuclear Chicago's technical bulletin no 2 
describes the evaluation of mixing techniques with radioactive 
isotopes. Common methods of evaluating mixing are listed 
Tick No 258 on reply card 


Welding booms, clamps and manipulators manufactured by 
Yates Plant Ltd are illustrated in recent set of leaflets. 
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Generating plant Amendment sheets are now available for 
insertion in the Petbow catalogue of control and generating 
plant. 
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Tantalum Leaflet from America’s National Research Corpora- 
tion describes the properties of tantalum. It is available in 
powder, wire and ingot form. 
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CRYSTAL PHOSPHORS | rr 


are highly efficient in detecting and 
resolving x-rays and gamma-rays, 
and so are well suited for use in pulse- 
height analysers. We grow them from 
very pure melts of thallium- 
activated sodium iodide, and so their 


potassium content is negligible. 


We make a standard range of crystals, 
whose sizes range from } in. in 
diameter and } in. thick, to 44 in. 

in diameter and 2 in. thick. The crys- 


tals are mounted in metal containers, 





which are lined with magnesium 
to increase their light output. 


ne ee HILGER & WATTS LIMITED 98 st PANCRAS WAY LONDON NWI Tel: GUlliver 5635 
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oe 6 «» 6 * *« % The Cecrnercroft Organisation 
@ e@ee e e «+ «¢ provides complete engineering 
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@ e@ee © e 6+ -« the services of an organisation 
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ee skill, experience and facilities... 
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one which already serves the 
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. « many years served the leading 
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motor and aircraft manufacturers. We 











eh°e . . e ° ° ° 
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e@® @ ee e ° ° . ¥ jigs, tools, prototype and experimental Our Tool Room - one of the finest in the 
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AIFIAC with Duratrak * 


for high-efficiency voltage control 


VARIAC is the original continuously- 
adjustable auto-transformer, providing 
a smoothly variable output voltage from 
zero to 17% above line. Ultra-low-loss 
‘rolled’ core and DURATRAK (patent) track 
surface give very high efficiency at all 
settings. A very wide range of models is 
available, from small units (e.g. type V-5, 
illustrated on right) for laboratory and 
instrument use to large ganged assemblies 
for three-phase power. 

VARIACS can be supplied open orcovered, 


as single units or ganged assemblies of 
two or more units, for manual operation 
or motor-driven. The range includes 
portable models, metalclad models, 
dual-output models, high-frequency 
types, and many ‘specials’. 

*DURATRAK is a rhodium-covered, silver- 
plated track surface, which inhibits oxida- 
tion of the brush track and greatly reduces 
contact resistance, giving longer life, 
increased overload and surge capacity 
and maximum economy in maintenance. 


Type V-SHMTF. a small variac for 
laboratory use. Output 0-270 V, continu- 
ously adjustable, from 230 V 50 c/s mains. 
Rated current 2 A. Provided with terminals, 
switch, fuse and 3-core lead. 


For complete information on the 
entire VARIAC range, request 
Catalogue 424-UK 








Only VARIAK 


VARIAC and DURATRAK 


laude Lyons ftd. 


are registered trademarks 
Dt RA TR 4K is pact ted by h as 
U.K. patent No. 693406 D U R A a R A K 
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CLI46/E2A 


FOR THE FIRST TIME AN 
ECONOMISER for use with 
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cutting oxygen pressure to 80 Ib/in. 


Solidly constructed from brass bar stock and designed 
for the most arduous working conditions. Safety for 
operator and economy for user is ensured in both 
welding and cutting operations. May be used with 
complete confidence for the entire range of welding 
nozzles and for cutting work using up to 80 Ib/in.* 
oxygen pressure. 





AS SUPPLIED TO GOVERNMENT DEPARTMENTS 


PRESSURE TESTED 300 Ib/in.* 
COMPENSATED VALVES 
SOLID BRASS BODY 


Also manufacturers of Industrial Gas Controllers for 
inlet pressures up to 4,000 p.s.i., Torches and Nozzles 
for cutting, welding, heating, descaling and gouging. 
For details mail NP/I. 


PRESSURE CONTROL LTD., 
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Davis Road, Chessington, Surrey 


Telephone: Elmbridge 7460 
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| VACU-BLAST é “S te pre-tequisile fall 


Vacu-Blast is unequalled for 
weld preparation in the fab- 
rication of pressure vessels. 
Radiographic rejects can be 

reduced considerably by 

the use of Vacu-Blast for 
weld preparation and 
inter-pass deslagging. 


The critical require- 
ments imposed by 
Class | welding 
specifications 
necessitate the 
use of this mobile, 
dust free, grit 
blasting process. 





Demonstrations can 
be arranged at your 
works. 








Vacu-blast is the system to ensure complete recovery of abrasive 


VACU-BLAST LTD., BATH ROAD, SLOUGH, BUCKS. 


Phone: aS 
SLOUGH 24507/9 


} 
MICRO ALIGNMENT TELESCOPE 


Used by the United Kingdom Atomic 





BEPO Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 


\ actors and the associated Projects ZETA, 
rh 


@ © BEPO, ZEUS, ZEPHYR, DIDO and PLUTO 


Britain. 
: 


3K PROTECT PERSONNEL with Kershaw 


Dosimeters as supplied to the British 


Also used by the leading manufacturing 
groups in the construction of Nuclear Power 


Stations, of the Power Supply Plan in Great 





Government 






TAYLOR TAYLOR & HOBSON LTD. LEICESTER ENGLAND 


at2e 


TAYLOR- 
mle):re)t 





A Division of 
RANK PRECISION INDUSTRIES LTO. 
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A story to 





We mean a true story of course and one that if written ful 
would be far too long to read because it would cover a perio 
of twenty-five years of intense activity, during which a wealt 
of experience and ‘know-how’ has been acquired abo: 
designing and building better equipment for all sorts « 
industrial heating applications for important concerns every 
where, and how this non-stop activity continues at an ever 
increasing pace because today the nane ‘ Barlow-Whitney ’ 

the first choice, in the best circles, when it comes to— 


Heat-treatment processing equipment of all kinds 


OVENS AND FURNACES, VACUUM AND PRES- 
SURE IMPREGNATION PLANTS, TROPICAL 
TESTING CHAMBERS, TINNING BATHS AND 
LEAD POTS, WAX AND COMPOUND KETTLES 


and many other types of equipment, including of course 
SPECIAL PROCESS PLANT TO MEET REQUIREMENTS 
Write for further details quoting reference 16B 





A medium capacity heat-treatment furnace from the 
Barlow-Whitney range Wide choice of standard 
models and, of course, custom-built units to order 





BARLOW -WHITNEY LTD., 2 Dorset Square, London, N.W.| Tel: AMBassador 5485-6 Works, London & Bletchley 





Bw 
© % 4 
t \ A 


—* 











to who have a range of 
1000 NEW TYPES 


(Materiel Technique 
Industriel) 


Delivery 14-21 days 
for most types 


* Most models can be fitted with dust covers Operating from 1 Milliwatt to 1 Kilowatt with 
or hermetically sealed up to 96 changeovers at 10 amps. per contact. 
* Range includes certain models hermetically 
sealed, all metal gas filled with glass base, and 
built in adjustable thermal delay 

* Post Office types 3000 and 600 relays of our 


own manufacture to specification. Guaranteed 
to full A.L.D. and LE.M.E. standards. 


Sule concessionaires for U.K. and 
My / Dominions on behalf of M.T.1 
5 BYRON ROAD, [a max. 
L . > ce SIMM '@) ND S LTD i Telephone: HARrow 7797/9 Telegrams: SIMRELAY HARROW 


(Manufacturers and Trade enquiries only) 


QA LIP, ISS 
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Illustrated is the twin cylinder mode} 
having a free air delivery of 50 c.f.m. 


NUCLEAR 


POWER March 
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qf OIL FREE 
Li ia COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 














In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @D 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 








WILLIAMS & JAMES**tncinerrs) LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 - TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER’ 
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fabricators in the rarer metals. a 


TITANIUM 
ZIRCONIUM 
HAFNIUM 


MAGNESIUM 
ALLOYS 


NIOBIUM 
ETC. 


ALSO 
NICKEL 
ALLOY STEELS 


AND 


STAINLESS 
STEELS 


SPECIALLY DESIGNED WELDING CHAMBER 





1844 


EST. 
E 60.170. 
“Baamah X eiehie 


(OF) est (5 LINES) 
@ Ch efti eld) ECKINGTON 551 


DEVONSHIRE STREET <« SHEFFIELD 











MEN OF MILLIONTHS 


Ihe new problems of precision engineering born of nuclear 
research —the intractable metals, the unusual shapes, the exacting 
accuracy —are no novelty to us at Armstrong Whitworth. We 
have been solving these for years in aircraft and missile manu- 
facture, and one result of this is the unparalleled array of precision 
machine tools that you will find in our temperature controlled, 
dust-free machine shop. Highly competitive costs have also been 
made possible by new techniques we have evolved, and all these 


benefits will be gladly shared with you. May we solve your problem? 


FOR PRECISION MACHINING CONTACT :— 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD 


Baginton, Coventry. Telephone : Toll Bar 2261 


A MEMBER OF THE HAWKER SIDDELEY GROUP 
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LECTRO- 
YDRAULICS 


LIMITED 
An expanding Company with first class design team and research laboratories ; extensive modern 
manufacturing facilities and a world wide sales and service organisation. 


These facilities are available 
for either :— 


Design 
Development 
Manufacture or 
Sales and Service 


High quality Mechanical, Hydraulic and Electric equipment, automatic control systems and special 
purpose machinery in the field of automation and consideration of manufacture under license of 
any Engineering Products. 


MEMBER OF 


Electro-Hydraulics Limited 


: ; THE OWEN 
Liverpool Road, Warrington, Lancashire 


ORGANISATION 





I" Liquid metal 
electro-magnetic 






flowmeters 


PROOF OF PALATINE PREGISION ... 2 


Produced in our Surbiton factory, this flowmeter is de- 
signed to record accurate readings in conditions of varying 
temperature, flow, and turbulence without complications 
or bore restrictions. 


Applicable to many liquid metal circuits, this 1” normal 
bore flowmeter gives consistently accurate results. 





Perhaps this experience and technical ability could be of 
value to your Organisation. The development and pro- 
Write or telephone duction of prototypes of such equipment is Palatine’s 


PALATINE TOOL & ENGINEERING CO. (SURBITON) LTD." rovinc 


64-76 Brighton Road, Surbiton, Surrey Telephone: Elmbridge 7261-3 
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Ps a “ 









You can rely on 


» Gem 


/Tme BEST wane Bruns In THE woRLD ] 








TRADE MARK 


See them at your local tool wholesaler or write to 


GEM POWER BRUSHES LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.10. Tel.: ELGar 7251 (5 lines) 
ROTARY POLISHING & LATHE BRUSH DIVISION, KINGSWOOD MANUFACTURING CO., LTD. 





















MAKE LIFE EASIER 
with the PRICED J 


TAYLOR STAINLESS /“@888 , [erent 
STOCK LIST 


Look first at the largest and most comprehensive 
Stock List in the Country. Mill prices 
and foot/lbs. weights are shown against 

every item. The stock list is revised 












and mailed every sixty days. Write 
or phone for your copy today. 


ANY QUANTITY AT MILL PRICES. “= 
AID-ARB approved. 




















TAYLOR STAINLESS METALS 


BRITAIN’s PRINCIPAL STAINLESS STEEL STOCKHOLDERS. : — 
BUCKINGHAM AVENUE - SLOUGH - BUCKS - TEL: SLOUGH 24551 and at UNION CHAMBERS, 63 TEMPLE ROW, BIRMINGHAM 2 TEL: Midland 1450 
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Photographs by 
kind permission of U.K.A.E.A. 


THULIUM STORAGE MAGAZINE 
constructed at the Graviner works for 
the United Kingdom Atomic Energy 
Authority. 


If you have a Nuclear Development or 


Production problem contact us today. 


GRAVINER 





Contractors to The Atomic Energy Authority 


a ROA 
R HAN T 
REHA 


FAREH 
GOspPpPo 
TELEPHON 


> 


ELE Ee F M25 


{Iso specialists in Airborne, Diesel Engine 
and Industrial Fire and Explosion 
Protection, Thermostats and Overheat 
Switches. 


| 
J 





If you have compressed air .. . 
you can have HYDRAULIC POWER 


from 62 to 22,500 p.s.i. 
economically - reliably - compactly 


with the MERAYVYORO® POWER UNIT 





It will operate presses, hydraulic jacks, 
hydraulically loaded rolls and other 
equipment requiring hydraulic power, 
working from any compressed air line of 
§ to 100 p.s.i. Gives a high hydraulic out- 
put with no trouble and negligible 
maintenance. No air consumption when 
maintaining static pressure. Nine models 
give pressure range from 62 to 22,500 p.s.i. 


12 


Manufactured by the makers of the 
APPROX 


‘ AIRHYDROPUMP’ 


Send for leaflet A.P.U.2/11 complete with output graphs 


CHARLES S. MADAN & CO. LTD. 


MANUFACTURERS OF THE WORLD FAMOUS ‘AIRHYDROPUMP’ 


Vortex Works, Atlantic Street, Altrincham, Cheshire 
Tel: Altrincham 2702 (3 lines) cMIi 


So PM LILI III III It I Pt 





“oOo 
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A Special Unit constructed by 
us for the U.K.A.E.A. 


We have had extensive experience in 
the manufacture of many 


engineering products such as 


FLOWMETERS - FUEL PUMPS 
JET CALIBRATING MACHINES 
FUEL FILTERS - FLAP VALVES 





FLAME TRAPS - GAS INJECTORS | 
FUEL PRESSURE REGULATORS 


Now added to this List is Equipment for the U.K.A.E.A. 


Enquiries to: 
Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 


ano 

















TWO OF THE TWELVE 72” DIA CAST IRON BREECHES PIPES WITH 39° DIA BRANCHES, 
WEIGHT APPROXIMATELY 7 TONS EACH. PART OF A RECENT ORDER IN CONNECTION 
WITH A LARGE STEAM CONDENSING PLANT. 


Cc & W. WALKER LTD. Telephone: - LILLESHALL - SRO LINES) 


MIDLAND IRONWORKS ‘ DONNINGTON ‘ NR. WELLINGTON . SHROPSHIRE 
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Contra-Rotating Dustless Mixer cstent no. 702592 





METAL PLATE 

| This machine was developed 
| to afford protection against WORKERS 
| Asbestosis and Silicosis, and is 
| | re ENGINEERS 
particularly suitable for mixing 
| 
the ingredients of asbestos _ 

lagging or incorporating fibrous 

material in a liquid or paste. CONTRACTORS 


Sole Concessionaires E D WwW A R D FE A R R L i M I T E D 


| 

| Registered Office NAPIER WORKS, LONDON, E.6. Gra. 3431/2/3 
| and 

| BRIDGE WORKS, WICKFORD, ESSEX. Wickford 2380 














Farmer Norton | suppliers of 








Rolling Mills, Centreless Bar 
Turning Machines, Straightening 
Machines & Swaging Machines 
to the U.K.A.E.A. 





Telephone: BLAckfriars 361 3/4/5 ss 
SIR JAMES FARMER NORTON & CO. LTD., ADELPHI IRONWORKS, SALFORD, 3 
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SCINTILLATION 
SPECTROMETRY 





Non-overloading Linear 
Pulse Amplifier NE 5202: 


with § microsecond recovery for 
100 times overload Designed 
for scintillation spectrometry 
and pulse height analysis studies, 
this amplifier features high gain 
50,000), high gain stability 
better than 0.25 per week), 
good linearity, low noise (less 


Resolving time 1.2 microsecs 
3-140 volts operating range with 
energy zero drift less than 0.05 
volts per day; 0 to 10 volt gate 
width with less than 0.01 volts 
per day drift; maximum count- 
ing rate, 2 x 10° c.p.s 


E.H.T. Supply Unit N.E. 
5302: 


E.H.T. Supply Unit N.E. 
5303: 


containing White cathode fol- 
lower preamplifiers with noise 
level of 25 microvolts; photo- 
multipliers of 1° or 2” can be 
accommodated ; for general use 
or for C14 and Tritium investi- 
gations with special rotary light 
locking device. 


Other Units Available: 


Precision Ratemeter NE 5401 
with eight ranges and six time 
constants. 

Scanning scintillation spectro- 
meter NE 8601 

Multi-channel scintillation spec- 
trometer NE 8201 for industrial 
tracer investigations. 








than 40 microvolts at input), 
excellent overload characterist- 
ics, and operation at high duty 
cycles. Rise time 0.2 micro- 
seconds and integral linearity 
0.15 Preamplifier NE $202A 
also available. Based on the 
double delay line differentiated 
Fairstein system, it consists of 
three high gain feedback groups 
and a White cathode follower 
output 


Single Channel Pulse 
Height Selector NE 5102: 


with minimum of noise and 
ripple; output stability 0.01 
low noise and ripple - less than 
1 mV RMS; output voltage 
continuously variable from $00- 
1800 V; output current 5mA. 


As NE 5302, but with output 
voltage range from 1000-5000 V. 


Shielded Scintillation 
Head Units NE 550! and 
5502: 


Scintillometers for geophysical 
exploration. 

C14 and H® counting unit NE 
8301 

Moisture and density gauge NE 
8401. 

Exclusive concessionaire for 
C.D.C.)/ Bendix 100-channel 
Transistorised Kicksorter in 
Great Britain. 

Sole agent for Harshaw Sodium 
Iodide Crystals in the United 
Kingdom. 


For full details of the above and of our SCIN- 


TILLATION 


PHOSPHOR 


PRODUCTS 


(plastics, liquids, loaded liquids, crystals, gels, 
neutron detectors, and chemicals) write to 


NUCLEAR ENTERPRISES (G.B.) LTD 


SIGHTHILL, EDINBURGH, I1, SCOTLAND Tel: CRA 4513 
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Nucleated 
Power 








The nucleus of our business has always 
been our mechanical division which has 
specialised in the manufacture of com- 
ponents and assemblies for nuclear and 
other applications where a high order of 
precision is essential — the machining of 
stainless steel, radiometal, monometal, etc., 
being an important part of our work. 
Now we have gathered to this nucleus an 
electromechanical division and thus increased 
our power to help you by undertaking 
the Design, Development or Manufacture 
of:- 
Mechanical components, assemblies 
and mechanisms 
Electromechanical control systems 


Light electrical and electronic equipment. 


One-off prototypes, preproduction models and 
the engineering of breadboard systems, precis- 
ion turning and jig boring are of particular 
interest to us. 


Sealey Engineosing Company 


A.I.D. and A.R.B. approved 


Head Office and Mechanical Division:- 
148 South Park Rd., Wimbledon, S.W.19. Tel: Liberty 6444 


Electromechanical Division:- 


Drift Bridge, Ruden Way, Epsom Downs, Surrey. 
Tel: Burgh Heath 4061 
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in the shape of things to come 


Today, you may find a fairly simple pipework 
fabrication does the job. Tomorrow, a_ very 
similar function may require a very complicated 
fabrication. Such is the pace of development in 

the Nuclear Power field. Where do you go for that 
highly complex unit when the need arises? You go 
to LAWRIE of course. LAWRIE’s have much experience 
in the specialised application of pipework, as their records 





well show. Their welding is approved by Lloyd’s ; their 
| : ' work is to A.P.I., B.S. or your own most critical 
F process plant in stainless specifications. Moreover, they are already on the 
' U.K.A.E.A. list of approved contractors. More 
or alloy steels is vour problem, 


information? Gladly! Just get in touch with Lawrie’s 
our technical representative 


will be pleased to discuss it with vou. 
Ring the people who 
spend their working life 
(and a great deal of their private life) 
thinking and planning in 
STAINLESS STEEL. 











PUT YOUR PIPEWORK PROBLEM T0 








5) 


BURNETT & ROLFE LTD. 
THE ESPLANADE, ROCHESTER, KENT 


TEL: CHATHAM 41766 J. & T. LAWRIE LTD. 

LIVINGSTONE STREET, CLYDEBANK, SCOTLAND. 
, Phone: Clydebank 2171/2/3. 

LONDON OFFICE: 34 Victoria Street, S.W.|I. 





NORTHERN OFFICE: 32 DEANSGATE, MANCHESTER 
TEL: BLACKFRIARS 9084 
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Lead screening bricks made | THROUGHOUT THE YEARS 


by Grey & Marten are equipped 

with viewing portholes and a 

revolving sphere for remote 4 
4 


hand.ing of radioaccive 


— | G@ | PRECISION ENGINEERS 


IN EVERY NEW DEVELOPMENT 
DESIGN 
TOOLING 

PROTOTYPES 

SMALL BATCHES 


Ask Grey & Marten 


SPECIAL MACHINES 


about lead shielding 


(Their new subsidiary, James Girdler & Co., 
has all their skill and experience ) 


COMPLETE ASSEMBLIES 








Grey & MARTEN are experts in 
lead. They’ve specialised in es . KI NGSTON INSTRUMENT GROUP 
the manufacture of all kinds of aunt Si 

lead castings, fabrications and 





fillings for more than a century. 


Interlocking Lead Bricks (in [AI oem =| THE KINGSTON INSTRUMENT CO. LTD. 
one, two and four-inch thick- >; cox LANE, CHESSINGTON, 


nesses), Lead Sphere Units (in Me 
two and four-inch bricks), a SURREY. LOWER HOOK 1001 
Aperture and Viewing Bricks, Sieh hares 

Lead Pots and Isotope Carriers 


are all produced under the Storage pot typical of GLENDAW ENGINEERING CO. LTD. 


those used in standard 


Grey & Marten name. Now safes not already fitted with ST. JAMES ROAD, SURBITON, 


they have handed over this lead protection, affords 


ee - ae economical storage for SURREY. ELMBRIDGE 0066 
activity to their new subsidiary, 


radio-active material. 
James Girdler & Co. Ltd. 


GREY & MARTEN LTD DOWNHAM ENGINEERING CO. LTD. 


Established 1833 PRIORY ROAD, DOWNHAM MARKET 
CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I NORFOLK. DOWNHAM MKT 218! 


and at Birmingham, Manchester and Ipswich 


JAMES GIRDLER & CO. LTD | 
Mansell Works, Mansell Road, London W.3 CHISWICK 5991 
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PRT OE TORE GE HY 


SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de 8e8 produits, Dans le cas ot 
yous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére 4 NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fur Inserenten 
alle technischen LEinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollien Sie noch weitere Aus- 
kinfte wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolia difficile all’inser- 
tionista di indicare 
spazio ristretto tutti ¢ particolars 
Qualora de- 
pi ampie 


in uno 


dei suoi prodotti, 
sideraste ricevere 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qut 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacién, 
marque los ntimeros apropiados 
en la tarjeta opuesta y méndela a 
NUCLEAB POWER. 
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ceedexua, mo npocmo ommemome 
coomsemcmeynujue HOMEPG HA KA= 
mowxe xa np 
emopoxe u omnpasome *% 
NUCLEAR POWER. 
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READER INFORMATION SERVICE N° 


SUBSRCIPTION CARD 


1405 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








1405 


READER INFORMATION SERVICE 


If you would like further information about any adver- 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








N 1405 


| want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for !2 months/until countermanded: 


U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. 


starting with the issue 





NAME 


(C Subscription enclosed 


(C0 Invoice me later 





SEND TO MY HOME/BUSINESS ADDRESS 











No Postage 
Postage stamp 
will be necessary 
paid by if posted in 
clear Power Great Britain 
or Northern 
lreland 














| Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
lreland 


Postage 
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paid by 
uclear Power 
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PHYSICS 


JAMES F. HILL B.Sc. 


PRINCIPAL. REACTOR SCHOOL. A.E.R.E. HARWELL 


REPRINTED FROM 


Nuctear Power 


uclear 
Reactor Physics 


day with economic nuclear power rapidly becoming a reality, more 
# more scientists and engineers are finding that a fundamental 
sp of the subject is becoming a necessity. In universities and 
nical colleges, too, atomic energy is quickly becoming part of the 
dents’ normal curriculum. 

them—and for you—Nuclear Reactor Physics has been specially 
itten by J. F. Hill, Principal of the world-famous Harwell Reactor 
ool. 

ing his great experience of applied nuclear physics and science 
cation, Mr Hill has prepared a fully authoritative course on the 
ents of reactor theory, an understanding which is essential to 
her studies, 

lear Reactor Physics is the most comprehensive and detailed 
k of its kind yet published in Britain and is indispensable to 
se who need anything more than a superficial acquaintance with 
subject. 

e are the subjects treated in Nuclear Reactor Physics: 

TRONS AND THEIR REACTION WITH MATTER ; NEUTRON DIFFUSION ; 
PTRON SLOWING DOWN ; NEUTRON MULTIPLICATION ; BASE REACTORS ; 


LECTED REACTORS ; REACTOR OPERATING AT POWER ; CRITICAL SIZE OF 
REACTOR AT POWER 


CTIONS. 


; REACTOR KINETICS ; CROSS-SECTIONS ; BESSEL 
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Two nuclear books 
NUCLEAR REA that should be 
on your shelves 


Nuclear Power Year Book 


Completely revised and considerably expanded, the 570-page, 
2nd Edition of this well-known publication is indispensable for 
all those requiring an authoritative and reliable, yet compact, 
source of reference. 


Review Articles 
On the current British nuclear power programme, the British 
nuclear groups, electricity authorities and their personnel, map 
of the British nuclear plants, a table of Power and Research 
Reactors, nuclear instruments, element design. All these 
sections being contributed by leading men in each field. 


World Authorities 
The activities, organization and personnel of the atomic 
energy authorities throughout the world and including 
the various international agencies. 


Technical Section 
Important and very useful reference material specially collec- 
ted and edited for the nuclear engineer. 


Isotopes 
Table of every known isotope with all properties. European 
sources of supply. Precautions in the use of Radioactive 
Substances. 


Company Addresses 
Listing 1,500 Firms, giving product or service and indicating in 
many instances the people directly concerned with nuclear 
energy matters, 


Buyers’ Guide 


Products and services classified under 770 different headings. 


Who’s Who 


Concise and up-to-date biographies of over 500 personalities in 
British nuclear energy. 


TO: ROWSE MUIR PUBLICATIONS LTD. 
3 PERCY STREET, LONDON, W.1 


Please send me_ copy/s of NUCLEAR 
REACTOR PHYSICS at a cost of £! . |! . 0 including 
postage. 


Please send me copy/s of the 1959 NUCLEAR 
POWER YEAR BOOK at a cost of £2 . 14 . 0 including 
postage. 


[] lenclose 

[] Please invoice me 
NAME 
ADDRESS 
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Centro Informazioni 
Studi Esperienze 
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Sole Agents for Great Britain: 
Subscriptions : Nuclear Power, Rowse Muir Publications Ltd. 3 Percy St., London, W 1 


Advertising: Butlers’ Advertising Service Ltd. 22 St. Giles High St., London, WC 2 








BINDING LilTA(P u(y 


REACTORS MATERIALS INSTRUMENTATION PROCESSES 'RADIATION 








You often want to refer to 
NUCLEAR POWER... 


. . . these Easibinders will hold up to 
6 copies of NUCLEAR POWER (8 of Vol. 1) 
for quick and easy reference 





12/6 each plus 1/6 postage and packing 
TO ROWSE MUIR PUBLICATIONS LTD., 3 PERCY STREET, LONDON, WI 
Please supply _____Easibinders for NUCLEAR POWER (Vol. | / other Vols.) 
NAME_ 


ADDRESS 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 





It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 
ONE ARUNDEL COURT JUBILEE PLACE LONDON $.Ww.3 
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COOL, CLEAN AIR even in the most distressing climate 


B. O. MORRIS (HOLDINGS) LTD., ANNOUNCE that they are now producing Air Conditioning 
Equipment using the trade name of ‘AIR KING’. This is the most efficient, easiest to instal 
and most attractive air conditioning unit for Offices, Hotels, Hospitals, Schools, Laboratories 
—in fact everywhere that cool, clean air is essential. Beautifully styled and superbly made. 


Technical Agents are required in 
most territories throughout the World. 






é 


AIR CONDITIONING UNIT 


B. O. MORRIS LTD., MORRISFLEX WORKS, 


BRITON ROAD, COVENTRY. ENGLAND. 
Tel: 53333 (PBX) 


Product of the Merrcafler Group 
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Be 








HIGH-VACUUM 
DISTILLED 


MERCURY 


FOR THE HIGHEST PURITY 
4 DISTINCT GRADES AVAILABLE 


* SINGLE VACUUM DISTILLED 


Langham 
Engineering 
Co. (LIVERPOOL) Ltd. |_ 


31 MARK STREET 
LIVERPOOL, 5 





* DOUBLE VACUUM DISTILLED 

















PRECISION DESIGN & 
ENGINEERS SPECIALISTS 
%* POLAROGRAPHICALLY PURE 
Write or Telephone for leaflet 
CONTRACTORS TO U.K.A.E.A. ad 
Also at D. & J. M. ATKINSON LTD. 
NEWSTET ROAD, SUPPLIERS AND REFINERS OF MERCURY 
KIRKBY INDUSTRIAL ESTATE, LIVERPOOL 214 BISHOPSGATE, LONDON, E.C.2 
TELEPHONE: BiShopsgate 9026 
148 
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: AERATING 
Raw WATER wen 
STORAGE NaOH 
TANK 
AMBERLITE 
os STRONGLY 
AMBERLITE RESIN TO PROCESS. 
STRONGLY (OH-FORM) 
Ae ee Fs 
(HORM) is the answer 


to all requirements for water 
of distilled quality 





Typical plants employing 
various methods... . fully 
described in our literature 

available on request 


NECKAR WATER SOFTENER 
COMPANY LTD. 


Artillery House, Artillery Row, 
London, S.W.|I. 


we 
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that the men in this picture THE EDITOR, “SIF-TIPS” 
— : SUFFOLK IRON FOUNDRY (1920) 
e showing how a game of 
pest is i noun e LTD., STOWMARKET, SUFFOLK. 
Do you know, too, that any- Please send regularly......copy/copies of 
thing new in welding is sure oe 








to be found in “‘ SIF-TIPS ”? RAM. sesesess 


SCREW MACHINE PRODUCTS LTD. You can make sure of receiv- 
Wooburn Green, Nr. High Wycombe, Bucks. _ing the magazine regularly by 
Telephone: Bourne End Wl & 101 filling in the coupon. e er eerrercccceeeeceses seseceses: 600 sesceesece 
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CONVECTOR COOLING SUPERHEATERS 


The illustration shows one of a number of superheaters supplied to Cynamid 
Products Ltd. Engineering Division, the business of which is now being carried on 
by Chemical Construction (Great Britain) Limited, 





These superheaters, 7’ 3” effective basis, 8’ 9” overall basis, are fabricated from 
S & L ERW tubing. 


Specialities: Pipework for high or low pressures suitable for steam, water, gas, 
etc., water wall headers, steam and oil receivers, de-superheater bodies. Tubular 


products of all descriptions for power stations and industrial steam raising plants. 


THE UNIT SUPERHEATER AND PIPE CO. LTD - UNIT WORKS 
SWANSEA Telephone: Swansea 54091 (6 lines) 


Telegrams: ‘Superunits’, Swansea Telex: 48-208 
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PREMIER 


THE FIRST NAME AND LAST WORD IN 


COOLING TOWERS 


WE DESIGN THE PLANTS 
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NO OPENING TOO BiG.. 


= 








































WE MANUFACTURE OUR OWN PRODUCTS 
WE ERECT THE PLANT FOR 
WE GUARANTEE THE PERFORMANCE 


Thorn borough 


roller shutters 





transport depots or ters garages or shop fronts Thornborough roller shutters can be fitted to ony 
j j opening. They are available in steel, wood or aluminium, hand gear or electrically operated 
Our after sales service and advice are ee 
always at your disposal THORNBOROUGH & SON (MANCHESTER) LTD 
St. Vincent St., Ancoats, Manchester 4. Tel. COLlyhurst 2887 


THE PREMIER COOLER & ENGINEERING co. LTD. London: Vale Works, Twickenham, Middx. Tel Popesgrove 0797 


Shalford, near Guildford, Surrey Representative for Northern Ireland 


OSWALD McMULLEN LTD., 6 Sussex Pl., Belfast.Tel: 29126 
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industries 


Atomiques 


is the leading French magazine 





’ 
Clip MECHANICALLY LOCKED No. 3 Type 


Py OPEN STEEL 
wa. QrLOUORING 





gas works, fire escapes, 


etc. L 
Supplied with handrails 4 


and standards if desired. on atomic energy — to be fully 


Our technical staff will be pleased to assist you 


BETTLES & SONS LTD., ARCWEL FACTORY 
STAFFORD ROAD, FORDHOUSES, WOLVERHAMPTON | 
Telephone: Fordhouses 2278-9 | 


informed on all developments in France 





you should read this important journal 
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“INDUSTRIES ATOMIQUES”’ renseigne chaque 
mois les industriels, ingénieurs, cadres techniques, services 
publics, corps medical, économistes...sur les applications 
pacifiques de |’énergie nucléaire. Elle étudie les applications 
de la technique atomique aux problémes de recherche et 
de fabrication prospecte une nouvelle cliéntele pour les 
fournisseurs de matér-el utilisé par la technique atomique 
et compare les diverses productions nationales. Elle est la 
premiére publication périodique spécialisée de langue 
frangaise. 






ELMECO 


ELECTRO-MAGNETIC IMPULSE 


COUNTER 
with a NEW type Stepping Motor 





Dans chaque numéro : un éditorial sur probleme ato- 
mique d’actualité; un article de fond par un spécialiste 
connu; des informations détaillées sur les réalisations les 
plus récentes des nouvelles sur l’ensemble des questions 
nucléaires : un cours de formation technique; une revue 
de la presse et des livres sélectionnant les problémes d’ap- 
plication pratique; suppléments en langues anglaise et 
allemande. 


A new type of Electro-Magnetic Impulse 
Counter, manufactured by Messrs. Elmeco, 
A.G., of Zurich, is now available in this 
Country. This Counter fills the gap between | 
existing types of Electro-Magnetic Counter | 
and the Electronic types; it can be supplied | 
>with Mechanical, Electro-Magnetic, or 

combined Mechanical/Electro-Magnetic 

resetting devices. 
The ELMECO Counter has 5, 6 or 7 figures 

and is powered by a stepping motor from 

which the number drums are driven by a 

unique type of plastic belt. The result is a silent 

machine capable of accurate counting at a/| 
sustained rate of 30 Impulses per second; 
this can be increased to 50/60 impulses per 
second for limited periods, and the operating 
current is low. 


to ony @ HIGHEST SELECTIVITY FOR IMPULSES @ LONGEST LIFE 
@ HIGHEST COUNTING RATE FOR CONTINUOUS OPERATION 
@ PRACTICALLY NOISELESS IN OPERATION @ ELASTIC DRIVE 





Sujetstraités: Matiéres premiéres. — Prospection miniére 
— Réacteurs. —Production d’énergie.— Applications indus- 
trielles. — Propulsion nucléaire. — Instruments. — Radio- 
isotopes. — Applications thérapeutiques et biologiques. — 
Recherche scientifique. — Initiatives internationales. 





NNAQVAAUUUUUNNNNNOUUOUNNONONU4000UTONNNNN0000000000N8804N00000U000EN00000UNNENONEOOOOOOUUOONOEOOOOOGOOOOOONEOGOOOOUOOONENOOOOOOOOOOOOOOGOGOOUUUUTONOOOOOOOOUGONONOOOOOOOOOOEOOOGOOOOOUOOUONOAOOOOOOOOOOEOOAOOOOOOUOOOOONEDAGAUOUO OO EEOGAOUOOOUOUTEEADAAAAAO UU AEAEAAAA ATE 


annual subscription £3. 0. 0 per annum. 








UUANNIUNUNNUTAOUUNNNUUUUUNNUUUOUUNNNEUOUUONNNUQUUUENOUOUUNNENUOUUNNNUUOUOONNOLOUCNNNOUUOUUOONNUOOO0NNNG0UONUESOUOEONUOOUUOOGAUOOUUOOOOESUOOUOONUOUONONOGUOOONOOOOUOONOOOUUOSONEUOOOOONUOOUOSOQOOUOOONOOOOOOOGOOOOUNESOOOUOOOOGOOOOOOEOOOOOOEGNOUUONOAGOOOOOOGAGU OU TOAATAUEEDAAA UTAH DATA 


hee @ ACCOMPLISHED BY MOTOR DRIVE WITH PLASTIC BELT TO ROWSE MUIR PUBLICATIONS LTD 2 
1797 Write for particulars : 3 PERCY STREET LONDON wW.1 = 
INGLIS KNIBB & COMPANY, = 
20-21 Tooks Court, Cursitor Street, = 
London, t.C.4. Tel : Holborn 2851 | = 
126 = 
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OIL-COOLED 


rators 


Guided missiles, aircraft and all 
forms of industrial components 


TYPE V1002 This vibrator is of the moving coil type with a wound fie 
magnet energised from an external source of direct current. It is continuous 
rated and therefore suitable for extended fatigue testing as well as for inte 
mittent use in research, development and production work. The increased thru 
has been obtained by using an oil-cooled field coil and circulating the cooling « 
through an external heat exchanger. 
The Vibrator Type V1002 is suitable for use in environmental test chambe 
where low temperature conditions are to be experienced and is so designed th: 
the need for cooling air is eliminated. 
The frequency range extends from 0-5 Kc/s, and can be driven by a 10 kW 
amplifier. 
As a result of certain special features in design, the electrical impedance of th: 
drive coil shows only a slight rise at the higher frequencies and this greatly 
facilitates operation since it obviates the need for frequent output transformer 
tap changing as the frequency is varied. 

Designers and manufacturers of Vibrators and Amplifiers 
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17 Stratton Street London W 1 Telephone: GROsvenor 1926 
DaS359NP 
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When it’s a question of 


HYDRAULICS 


it pays to consult 


laboratory 
end runner 
mills 








Available with four mortar sizes 
7”, 10”, 15”, 20”. Mill supplied 
complete with electric motor and 
starter and with either ceramic 
or metal mortar and pestle. 


PUMPS 


The mortars and pestles are inter- 





JACKS changeable. A ceramic set can be 
Retraction used to process material adversely 
Que Jac affected by contact with metal 


Pump and a metal set, either high grade 


cast iron or stainless iron can be 
carried as a spare set for use on 
material for which ceramic is 
unsuitable. The pesties are 
arranged to swing clear of or lift 
out of the mortars to facilitate 
emptying or cleaning. 


Double Acting 
Jack (Extension 


and Retraction) 
Motorized Pump ‘ 


for low voltage 
mains supplies 





The model illustrated is the No.2 





mill with a 15” diameter mortar 
VALVES HYDRAULIC CLAMPS 
2 way or 4 way valves Tile clnaie 4 ial oh eenein 
for Hand Operated — joiding slashes production time and Visit our stand No. 32 at the O.C.C.A. Exhibition 


costs 


Solenoid Valves push 
open or push closed 


yor 
_— R JAC KS Publication J3/223 sent free on request 


LIMITED f Write or telephone | THE PASCALL ENGINEERING CO. LTD. 
Telephone: Shepherds Bush 3443/6 Cony ate for GATWICK ROAD P CRAWLEY : SUSSEX. 
VALETTA ROAD, ACTON, W.3 


Telegrams: Newsorber, Ealux, London 


MARCH 1I7th—I9th 








152 NUCLEAR POWER March 1959 














Tick No 143 on reply card for further details 






Easy hand 
movement exerts con- 
trolled force of over 8 tons... 
ample for bending the thick-walled 
tubes increasingly used today. The 
double-acting hydraulic ram unit 
releases the bent tube from the 
former easily, without using wedges 
or hammer. 


Write now for full details of the 
competitively priced TUBELA 
range of bending machines for 
hand, ratchet or hydraulic opera- 
tion, including the 4-in. capacity 
Industrial Machines. One of them 
is bound to save you money! 
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Protection 
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MAGNOK 












































The Lending People 


TUBELA ENGINEERING 
COMPANY LIMITED 
North Eastern Office: 
CUSTOMS HOUSE CHAMBERS 
Quayside, Newcastle-on-Tyne . +4: 
Telephone : 21180 The recognised authorities on every 


Head Office: ; . , 
FOWLER RUAD, HAINAULT aspect of magnesium technology, 


Essex. Tel. Hainault 4426-8 MEL are constantly evolving new 


alloys and improving existing ones. 
Magnox you know about. MEL are 
approved suppliers of this important 
canning material for the UKAEA. In 
collaboration with UKAEA and the 
industrial consortia they are contri- 
buting their considerable research 


f acumen to the furtherdevelopment of 


personnel 
by 





LEAD BRICKS 
LEAD GLASS | = 


and 


LEAD SHEET | 


The Technical Personnel of The 


magnesium alloys. specifically de- 
signed for nuclear work. 

The skill and experience of MEL are 
available to all who wish to exploit 
the special advantages of the latest 
magnesium alloys in nuclear 
engineering projects. 





MAGNESIUM ELEKTRON LTD 


Lead Development Association 


are available at 


all times to 


Clifton Junction Manchester 


assist in your problems 


Swinton 2511 


London Office: 5 Charles II Street St. James's SW1 


LEAD DEVELOPMENT ASSOCIATION 
18 ADAM STREET, LONDON W.C.2 


TELEPHONE: 


WHITEHALL 4175 


Trafalgar 1646 


Magnesium Elektron, Inc., New York 20, USA 


TELEGRAMS: LEADEVEP, RAND, LONDON 
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CLASSIFIED ADVERTISEMENTS| 


DISPLAY ANNOUNCEMENT RATES :— 


LINEAGE ANNOUNCEMENT RATES :— 


BOX Nos. :— 
COPY DATE :— 


1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 


1/- extra will be charged 


4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 


Advertisements for April issue to be received not later than March 16 


SITUATIONS VACANT 











PLANT COMPANY 
LIMITED 
requires 
ENGINEERS 
to commission Nuclear Power 
Stations 
Applicants should have had consider- 
able operational experience of large 
Conventional Power Stations and be of 
either Charge Engineer or Assistant 


Charge Engineer status 


Ihe Company operates a Contribu- 
tory Pension Scheme and assistance 


with house purchase is given to married 
men 
Applications stating age, qualifications 


and experience should be addressed 
to 
The Secretary, 
The Nuclear Power Plant Co. Ltd., 
Booths Hall, 
Knutsford, 
Cheshire. 


Quoting reference NP/CMS 67 


THE NUCLEAR POWER | 





~~ 
THE NUCLEAR POWER PLANT 
COMPANY LIMITED 
requires 
PHYSICISTS 
and 
MATHEMATICIANS 
IN BOTH SENIOR AND 
JUNIOR POSITIONS 


for work on Reactor, Radiation and 
Theoretical Physics studies in connec- 
tion with the design of nuclear power 
stations in this country and abroad. 


Candidates should have a good Hon- 
ours degree and for the more senior 
positions, previous experience and/or 
a higher degree is preferable. 

Deferment where necessary may be 
obtained 

The Company operates a Contribu- 
tory Pension Scheme and assistance with 
house purchase is given to married men 


Good commenc:ng salaries are offered 
for these appointments 
Applications, stating age, qualifica- 
tions and experience, should be ad- 
dressed to 
The Secretary, 
The Nuclear Power Plant Co. Ltd., 
Booths Hall, 
Knutsford, 
Cheshire 
Quoting reference NP/PHYS/66 





A PHYSICIST 


required, preferably with a 
knowledge of vacuum 
pumps, for interesting 
development appointment. 
This is a responsible posi- 


tion. 


Apply to the Manager, 
Vacuum Pump Department, 
The Pulsometer Engineering 

Co. Ltd., 
Reading 























salary £800 p.a. 





ELECTRICAL PORCELAIN 
for technical liaison and development. Degree or 
equivalent—preferably with experience on transmis- 
sion, switchgear or transformers. Minimum starting 

Excellent prospects. 

Doulton Industrial Porcelains Limited, Ref. M.C.B., Doulton House, 

Albert Embankment, London, SE1 


INSULATOR ENGINEER 

















PLESSEY NUCLEONICS LTD., NORTHAMPTON 
LABORATORY TECHNICIAN 


A Laboratory Technician with two to five years’ experience on 
development of radiation detectors for the nuclear energy industry, 
should investigate an opportunity with this Company. We have a 
vacancy for which a knowledge of light engineering and general 
physics laboratory practice including high vacuum techniques, is 
desirable. Construction and evaluation of new types of detector, 
and the development of new techniques of construction are also 
involved. H.N.C. (Min.). Good working conditions. Canteen faci- 
lities. Pension Scheme. Salary will please successful applicant. 


Write Personnel Dept. (L.T.), 
Plessey Nucleonics Ltd., 
Weedon Road, 
Northampton 











ASSISTANT 
INSTRUMENT ENGINEER 


for 


CHAPELCROSS 
NUCLEAR POWER 
STATION 


to work in the Instrument Department 
which is responsible for installation, servic- 
ing and testing of all Works instrumenta- 
tion including nuclear, electronic, physical 
electr cal, pneumatic, health physics and 
industrial television equipment, 

This is an opportunity for an engineer to 
gain experience of reactor and associated 
power plant instrumentation and control 
He will be responsible to the Instrument 
Engineer for:—liaison with the Reactor 
Operations and Technical Department dur- 
ing reactor start-up tests and for subsequent 
instrumentation tests and experiments, or- 
ganisation and co-ordination of a planned 
maintenance system, investigation of opera- 
tional and servicing problems on_ instru- 
mentation and other duties which may in- 
clude responsibility for the acceptance of 
instrument installations from the Consultant 
Eng neers and installation and calibration 
tests. 

A recognised eng neering apprenticeship 
or comparable training and corporate mem- 
bership of a senior engineering institution 
or equivalent are essential, Industrial instru- 
mentation exper.ence is required together 
with the ability to lead and co-ordinate the 
activities of technicians and mechanics 
Physics, radar or light electrical back- 
ground may be an advantage. Where neces 
Sary, training in nuclear aspects of the work 
will be given 

Salary between 
£845 (at age 25) and £1,315 


Contributory Superannuation 
Staff housing scheme. 
Send postcard for application form, quoting 
reference 2977/J28 to:— 
Works Secretary, 
UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, 
INDUSTRIAL GROUP, 
Chapelcross Works, Annan, 
Dumfriesshire, Scotland 
Clos:ng date: May 4, 1959. 
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SITUATIONS VACANT 





THE NUCLEONIC DIVISION OF 
LABGEAR, CAMBRIDGE, 


ive. vacancies for both Senior and 
inior Instrument Engineers in the.r 
icvelopment Attractive 
ilaries are offered to those having suit- 
and experience in 
Write, giving 


laboratories. 


ible qualifications 
ilse-circuit techniques, 
tull details, to: 


Personnel Manager, 
Labgear Ltd., 
Willow Place, 

Cambridge 








PLESSEY NUCLEONICS 
NORTHAMPTON 


| PHYSICISTS 


Physicists with a degree in their 
subject, and tempered with two 
to five years’ experience in re- 
search and development work 
| are sought by this Company. 
| [hey would be members of a 

laboratory team engaged in the 

application of the techniques of 
| nuclear physics to a wide range 
| of problems, and in research on 
a number of interesting pro- 
jects involving the use of scin- 
tillation counters of various 
types. Salaries genuinely related 
to worth, ability and potential 
recognized. The special oppor- 
tunities for advancement in this 
| field are well known, our par- 
ticular conditions are good and 
in the first flight of spring- 
boards. Applications to Person- 
nel Department, 


Plessey Nucleonics Ltd., 
Weedon Road, 
Northampton 











COURSES 





ROYAL TECHNICAL 
COLLEGE, SALFORD 


An eight weeks course will be 
held at this College from Mon- 
day, 20th April to Friday, 15th 
May, 1959, and from Monday, 
2Sth May to Friday, 19th June, 


1959, inclusive on: 


‘The Science and Technology 
of Nuclear Power.’ 

Full particulars and applica- 
tion forms can be obtained on 
application to: 

| W. G. Darvell, M.Sc., F.Inst.P., 
Head of Department of Pure 
and Appied Physics, 
Royal Technical College, 
Salford 5 
R. RIBBLESDALE THORNTON, 
| Clerk to the Governors. 





lendies 
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COURSES (contd.) 








U.K.A.E.A. 
HARWELL REACTOR 
SCHOOL 


Senior Technical 
Executives’ Course 
The next Course on which 
places are available will be held 
from 15th to 25th June, 1959, 
inclusive. 
The fee for the course is 50 
guineas exclusive of accommo- 
dation. 

Application forms and further 
details can be had from :— 
The Principal, 
Reactor School, 
Atomic Energy Research 
Establishment, 
Harwell, Didcot, 
Berkshire 














CAPACITY AVAILABLE 





DESIGN TEAMS AVAILABLE for 
plant and mechanical engineering pro- 
jects in the nuclear field. Norris Brothers 
Ltd, 53 Victoria Street, London, SWI 
Phone: Abbey 6132. 





ALPHAMIN LIMITED.—A complete 

design and fabrication service avail- 
able for all types of aluminium and steel 
fabrication including welding by Argon- 
arc process. We have considerable 
design experience and would welcome 
your enquiries. 4 Dunston Street, 
Kingsland Road, London, E.8. Phone 
CLIssold 4161. 





FLLECTROPOLISHING—specialists in 
electro-polishing of all sizes of stain- 
less steel fabrications at greatly reduced 
cost compared with mechanical polishing. 
Fully approved for Atomic Energy work. 
Electropol Processing Ltd., 
Estate, Farnham, Surrey. 


MODELS 


MODELS for planning 

MODELS for prestige 

MODELS for instruction 

MODELS for experimenting 

MODELS can save wear and 
tear amongst personnel and 
thousands of pounds worth of 
time and material. 
MODELS can be an invaluable 
aid to sales staff. 
RICHARD DENDY & ASSO- 
CIATES of 4, 5 & 6 Seaton 
Place, Hampstead Road, Lon- 
don N.W.1. EUSton 7617 are 
makers of fine MODELS and 
invite your enquiries. 


BUSINESS OPPORTUNITIES 


ENGINEERING ORGANIZATION 
with established connexions in the 
nuclear field seek to extend the range of 
products handled. Manufacturers who 
feel that an extension of their sales effort 
in this field would be advantageous are 
invited to write to: Box No. NP202. 














Trading | 
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.in any enrichment 


..as sinterable powder 
.as high-fired powder 
..as high-fired spheroids 


.as high-density pellets, 
plates, rings or 
cylinders 


. pure, or in combination 
with other materials, 
such as ThOs 


Also: UQ;, U,O,.; UC, UC.; UF,; 
ammonium diuranate; uranyl nitrate, 
sulfate, chloride and fluoride, as well 
as other compounds. 
Also; Uranium and thorium alloys; 
metallic and ceramic dispersions; con- 
trol and moderating materials. 
Continuous process conversion 
from UF; assures product uniformity. 
Fully integrated facilities — UF, 
conversion, fabrication, scrap recov- 
ery—are your guarantee of maxi- 
mum economy and quality. 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsylvania, U.S.A. 
Telephone: GRover 2-841 1 Cable NUMEC 
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